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Review on Cyanotic Congenital Heart Disease 


Nitroglycerin and Isosorbide Dinitrate in 


Myocardial Ischemia and Heart Failure » 


< MP 
ete 
" L1 
f Y i 
ES 
* 
x, 4 "A 
/ 
m 


+ 


E 
s 
Af 


Page A9 um 


, FX "n 
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When drug therapy is indicated in hypertension, HydroDIURIL has 
proven to be a clinically useful baseline agent 
The antihypertensive effect of HydroDIURIL is usually maintained 
throughout long-term therapy 
- When additional therapy is warranted, HydroDIURIL may be used in 
combination with other antihypertensive agents. HydroDIURIL 
may add to or potentiate the action of other antihypertensive drugs. 
Therefore, careful observations for changes in blood pressure 
must be made. 


. Contraindications include arturia and hypersensitivity to hydro- 
chlorothiazide or other sulfonamide-derived drugs. Use with caution 
. in patients with severe renal disease, impaired hepatic function, 

or progressive liver disease. 





Because of the importance of 
patient motivation, Merck 
Sharp & Dohme offers “High 
Blood Pressure," a concise, 
pocket-sized booklet that 
defines the patient's own role 
in the management of hyper- 
tension. This booklet is avail- 
able for you to give to your 
patients. It is designed to 
reinforce your explanation of 
hypertension and it emphasizes 
the importance of patient 
understanding in adhering to 
the regimen you prescribe. 


TABLETS, 25 mg, 50 mg, and 100 mg 


HydroDIURit 
(Hydrochlorothiazide | MSD) 


ighly effective, 
- Single-entity 
antihypertensive 








Please ask your Merck Sharp & 
Dohme Professional Represen- 
tative or write Professional 
Service Department, West 
Point, Pa. 19486 for a supply 

of this booklet. 
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For a brief summary of prescribing information, please see following page. SHARA 
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- . .Contraindications: Anuria; hypersensitivity 
~ to this or other sulfonamide-derived drugs; 
"routine use in an otherwise healthy pregnant 


woman with or without mild edema. 
Warnings: Use with caution in severe renal 
disease since thiazides may precipitate 
azotemia. Cumulative effects may develop in 
patients with impaired renal function. Use with 
caution in patients with impaired hepatic func- 
tion or progressive liver disease, since minor 
alterations of fluid and electrolyte balance may 
precipitate hepatic coma. May add to or poten- 
tiate action of other antihypertensive drugs; 
= potentiation occurs with ganglionic or 
peripheral adrenergic blocking drugs. Sen- 
= sitivity reactions may occur in patients with or 
— Without a history of allergy or bronchial 
asthma. Possibility of exacerbation or activa- 
= tion of systemic lupus erythematosus has been reported. Lithium generally 
should not be given with diuretics because they reduce its renal clearance and 
=~ add a high risk of lithium toxicity. Read circulars for lithium preparations before 
-use of such concomitant therapy. 


Use in pregnancy: Thiazides cross placental barrier and appear in cord blood: 
| in pregnancy or in women of childbearing potential, weigh anticipated benefit 
ws against possible hazards, including fetal or neonatal jaundice, throm- 
~~ bocytopenia, and possibly other adverse reactions that have occurred in adults. 


o Nursing mothers: Thiazides appear in breast milk: if use of drug is deemed es- 
ie sential, patient should stop nursing. 


Precautions: Perform periodic determination of serum electrolytes to detect possi- 

£ ble electrolyte imbalance. Observe all patients for clinical signs of fluid or electrolyte 

-~ imbalance, namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum 

c and urine electrolyte determinations are particularly important when patient is vomit- 

— — ang excessively or receiving parenteral fluids. Medication such as digitalis may also in- 

fluence serum electrolytes. Warning signs, irrespective of cause, are dryness of mouth, 

L thirst, weakness, lethargy, drowsiness, restlessness, muscle pains or cramps, muscu- 

* lar fatigue, hypotension, oliguria, tachycardia, and gastrointestinal disturbances such 

» . as nausea and vomiting. Hypokalemia may develop, especially with brisk diuresis, in 

severe cirrhosis, with concomitant corticosteroid or ACTH therapy, or with inadequate 

oral electrolyte intake. Hypokalemia can sensitize or exaggerate response of heart to 

toxic effects of digitalis (e.g., increased ventricular irritability). Hypokalemia may be 

avoided or treated by use of potassium supplements, such as foods with a high 

potassium content. Any chloride deficit is generally mild and usually does not require 

specific treatment except under extraordinary circumstances (as in liver disease or 

renal disease). Dilutional hyponatremia may occur in edematous patients in hot 

weather: appropriate therapy is water restriction, rather than administration of salt ex- 

- cept in rare instances when the hyponatremia is life threatening. In actual salt deple- 
tion, appropriate replacement is the therapy of choice. 

— Hyperuricemia may occur or frank gout may be precipitated in certain patients. 
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Hydrochlorothiazide | MSD 


highly effective, | i 
single-entity antihypertensive 


25mg 50mg 100 mg 
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Insulin requirements in diabetic patients may 
be increased, decreased, or unchanged; latent ` 
diabetes mellitus may become manifest. hi 
Thiazides may increase responsiveness to ^? 
tubocurarine. Antihypertensive effects of the > 
drug may be enhanced in postsympathectomy ` 
patients. May decrease arterial responsiveness “F 
to norepinephrine; this diminution is not suffi- 
cient to preclude effectiveness of the pressor 
agent for therapeutic use. If progressive renal 
impairment becomes evident, consider with- @. 
holding or discontinuing diuretic therapy. ~“ 
Thiazides may decrease serum PBI levels with- 
out signs of thyroid disturbance. Calcium ex- 
cretion is decreased by thiazides. Patho- ; 
logical changes in the parathyroid gland with 
hypercalcemia and hypophosphatemia have 
been observed in a few patients on pro- 
longed therapy; thiazides should be discontinued before testing for parathyroid 
function | 
Adverse Reactions: Gastro/ntestina? System— Anorexia; gastric irritation: 
nausea; vomiting; cramping; diarrhea; constipation; jaundice (intrahepatic £ 
cholestatic jaundice); pancreatitis; sialadenitis. ) 
Central Nervous System —Dizziness; vertigo; paresthesias; headache; xanthopsia. . 
Hematologic — Leukopenia; agranulocytosis; thrombocytopenia; aplastic anemia? 
Cardiovascu/ar—Orthostatic hypotension (may be aggravated by alcohol, bar- 
biturates, or narcotics) 

Hypersensitivity— Purpura; photosensitivity; rash; urticaria; necrotizing 
angiitis (vasculitis) (cutaneous vasculitis); fever; respiratory distress including 
pneumonitis; anaphylactic reactions. 

Other—Hyperglycemia; glycosuria; hyperuricemia: muscle spasm; weakness; 
restlessness; transient blurred vision. A | 

Whenever adverse reactions are moderate or severe, thiazide dosage should be 
reduced or therapy withdrawn. 

Note: When used with other antihypertensive drugs, careful observations for changes 
in blood pressure must be made, especially during initial therapy. Dosage of other anti- 
hypertensive agents must be reduced by at least 50 percent as soon as this drug is ad- 
ded to the regimen. As blood pressure falls under the potentiating effect of this agent, * 
further reduction in dosage, or even discontinuation, of other antihypertensive drug 
may be necessary. 

How Supplied: Tablets containing 25 mg hydrochlorothiazide 
each in bottles of 100 and 1000 and single-unit packages of 100; 
Tablets containing 50 mg hydrochlorothiazide each in bottles of 
100, 1000, and 5000 and single-unit packages of 100; Tablets 
containing 100 mg hydrochlorothiazide each in bottles of 100. 
For more detailed information, consult your MSD repre- ERCK 
sentative or see full prescribing information. Merck 

Sharp & Dohme, Division of Merck & Co., Inc., West Point, HARPs 
Fa. 19486 





INTRODUCING  USCLPOSITROL II” 


( CORONARY AND 
7 LEFT VENTRICULOGRAPHY 
CATHETERS! 


EVERYTHING YOU WOULD EXPECT — 
AND MORE! 


ONLY 
THE USCI-POSITROL II™ CATHETE 
COMBINES ALL THESE FEATURES 


Exclusive Smooth, High Gloss Finish 


Excellent Tip Curve Memory 
Excellent Torque Control 


Wire-Reinforced Polyurethane Shaft | 
Metal Luer Lock Fitting 

High Pressure Tolerance (1000 psi) | 
Excellent Flow Rates 


Sterile Packaged 

Excellent Radiopacity f USGI, A DIVISION OF C. R. BARD, INC. 

USCI Service BOX $66. BILLERICA. MASSACHUSETTS 01821 
j PHONE: 617-667-2511 TELEX 94-7420 
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Take these handy packets anywhere. 


KAY CIEL? is also available 
as a pleasant, cherry-flavored elixir. 


Each packet contains potassium chloride .e. 1.5 g. (20 meq.). 
Flavored. Contains no sugar. 





For samples of KAY CIEL* Powder and Elixir, 
please fill in and return this coupon to: 


Cooper Laboratories, Inc., 
Building #6, 110 East Hanover Avenue 


Cedar Knolls, New Jersey 07927 : 

Dr. 

Address | 
Cy. D VES o State T IB 


Please send me samples of 
KAY CIEL (potassium chloride): 


[] Powder 
O Elixir 


(Ooper 


Dr. Cooper Laboratories, Inc. 
(Signature) Wayne, New Jersey 07470 144-2R/CO 





Editor-in-Chief 


SIMON DACK, MD, New York 


e 
Associate Editors 


EUGENE BRAUNWALD, MD, Boston, Mass. 
E. GREY DIMOND, MD, Kansas City, Mo. 


EDITORIAL CONSULTANTS 


CRAWFORD W. ADAMS, MD, Nashville 
ROBERT A. BRUCE, MD, Seattle 
AGUSTIN CASTELLANOS, Jr., MD, Miami 
LAWRENCE S. COHEN, MD, New Haven 
ERNEST CRAIGE, MD, Chapel Hill, N. C. 


JAMES E. CROCKETT, MD, Kansas City, Mo. 


ANTHONY N. DAMATO, MD, Staten Island 
LEONARD S. DREIFUS, MD, Philadelphia 
MARVIN |. DUNN, MD, Kansas City, Kans. 
DONALD B. EFFLER, MD, Cleveland 
MARY ALLEN ENGLE, MD, New York 
HARVEY FEIGENBAUM, MD, Indianapolis 
CHARLES FISCH, MD, Indianapolis 

NOBLE O. FOWLER, MD, Cincinnati 

RAY W. GIFFORD, Jr., MD, Cleveland 
ALLAN V. N. GOODYER, MD, New Haven 


The American Journal of CARDIOLOGY’ 


Senior Assistant Editors 


RAYMOND HARRIS, MD, Albany, N.Y. 


LESLIE A. KUHN, MD, New York 


Assistant Editors 


IRA J. GELB, MD, New Rochelle, N.Y. 


MELVIN KAHN, MD, New York 


GERAR D A. KAISER, MD, Miami 
WILLIAM B. KANNEL, MD, Framingham 
SAMUEL KAPLAN, MD, Cincinnati 
ARNOLD M. KATZ, MD, New York 

JOHN D. KEITH, MD, Toronto 

HARVEY G. KEMP, Jr., MD, New York 
JOHN W. KIRKLIN, MD, Birmingham 
SUZANNE B. KNOEBEL, MD, Indianapolis 
CHARLES E. KOSSMANN, MD, Memphis 
JAMES J. LEONARD, MD, Pittsburgh 
HAROLD D. LEVINE, MD, Boston 
ROBERT S. LITWAK, MD, New York 
DEAN T. MASON, MD, Davis, Calif. 
RASHID A. MASSUMI, MD, Davis, Calif. 
DWIGHT McGOON, MD, Rochester, Minn. 
HENRY D. McINTOSH, MD, Houston 


Managing Editor 
RUTH R. OHMAN 


Assistant Managing Editor 
GABRIELLE HAYES 


Publisher 
LOUIS F. LE JACQ 


KENNETH M. ROSEN, MD, Chicago 
MAURICIO B. ROSENBAUM, MD, 
Buenos Aires, Argentina 
JOHN ROSS, Jr., MD, La Jolla, Calif. 
PHILIP SAMET, MD, Miami Beach 
LEONARD SCHERLIS, MD, Baltimore 
ROBERT C. SCHLANT, MD, Atlanta 
ARNOLD SCHWARTZ, PhD, Houston 
BERNARD L. SEGAL, MD, Philadelphia 
ARTHUR SELZER, MD, San Francisco 
RALPH SHABETAI, MD, Lexington, Ky. 
BURTON E. SOBEL; MD, St. Louis 
EDGAR SOWTON, MD, London 
JAMES F. SPANN, Jr., MD, Philadelphia 
LEONARD STEINFELD, MD, New York 
BORYS SURAWICZ, MD, Lexington, Ky. 


KALMAN GREENSPAN, PhD, Indianapolis 
DONALD C. HARRISON, MD, Stanford, Calif. 
MICHAEL V. HERMAN, MD. New York 
JAMES C. HUNT, MD, Rochester, Minn. 
THOMAS N. JAMES, MD, Birmingham 
MELVIN P. JUDKINS, MD, Loma Linda, Calif. 


ANDREW GLENN MORROW, MD, Bethesda 
ARTHUR J. MOSS, MD, Los Angeles 

JOHN O. PARKER, MD, Kingston, Ontaric, Canada 
JOSEPH K. PERLOFF, MD, Philadelphia 

RICHARD L. POPP, MD, Stanford, Calif. 

CHARLES E. RACKLEY, Birmingham 

WILLIAM C. ROBERTS, MD, Bethesda 


H. J. C. SWAN, MD, Los Angeles 
NORMAN S. TALNER, MD, New Haven 

L. H. S. VAN MIEROP, MD, Gainesville, Fla. 
RICHARD VAN PRAAGH, MD, Boston 
ARNOLD M. WEISSLER, MD, Detroit 
NANETTE K. WENGER, MD, Atlanta 


PUBLICATIONS COMMITTEE, AMERICAN COLLEGE OF CARDIOLOGY 


W. GERALD AUSTEN. MD. Boston 
LIONEL M. BARGERON., Jr.. MD, Birmingham 
e. SIMON DACK. MD (ex officio). New York 


PETER L. FROMMER, Bethesda 
D. LUKE GLANCY, MD, New Orleans 
DOUGLAS P. ZIPES, Indianapolis 


JOHN ROSS, Jr., MD, San Diego 
Chairman 





———————————————————————————— 


THE AMERICAN JOURNAL OF CARDIOLOGY,® Official Journal of the American College of Cardiology, February, 1976. Vol. 37, No. 2. 


Member, American Business Press, Inc. and Audit Bureau of Circulations. Published monthly, except October, semimonthly, by the Magazine 
Division, DUN-DONNELLEY PUBLISHING CORPORATION, a member of the Dun and Bradstreet Group, William F. Ward, Jr., President; John K. 
Abely, Vice President and General Manager, Magazine Division. Executive, Editorial and Advertising Offices: 666 Fifth Ave., New York, N.Y. 
10019. Printed in Easton, Pa. 


SUBSCRIPTIONS: Solicited only from cardiologists and other physicians. Publisher reserves the right to refuse unqualified subscribers. Sub- 
scribers agree that no article or any part thereof published in any editions of the American Journal of Cardiology received under this subscrip- 
tion agreement may be copied, recorded or reproduced in any form or by any means, electronic or mechanical, including, among other 
things, photocopying or the storing of part or all of such articles on any information retrieval system, without the written permission of the 
Publisher. Address correspondence regarding subscriptions and changes of address to: THE AMERICAN JOURNAL OF CARDIOLOGY, 666 
Fifth Ave.. New York, N.Y . 10019. Please include your zip code and, in case of change of address, copy of old address label. Changes of ad- 
dress must reach the Journal one month preceding month of issue. Single copy price: Regular issues $4.00; Symposium and Special issues 
$6.00. Subscription rate for individuals in field of publication: United States $20.00 a year; Canada $32.00; Foreign $38.00; Residents, In. 
terns, and Medical Students $7.00 less than regular subscription rates. Not responsible for replacing Journal issues unless the Circulation De- 
partment is notified of nonreceipt within three months of issue date. 





Second class postage paid at New York, N.Y. and additional mailing offices. Printed in U.S.A. Trademark? in U.S Patent Office. ©Copyright 
1976 by Dun-Donnelley Publishing Corporation. All rights reserved. No part of this publication may be reproduced or transmitted in any form 
or by any means, electronic or mechanical, including photocopying recording or by any information storage retrieval system, without permis- 
sion of the copyright owner. Prices on bulk reprints of articles available on request. 





MANUSCRIPTS: Address all manuscripts to the Editorial Office. See "Instructions for Authors,” on p 330. 


AMERICAN COLLEGE OF CARDIOLOGY: All communications for the College except manuscripts should be addressed to the American Col- 
lege of Cardiology. Office of the Executive Director, 9650 Rockville Pike, Bethesda, Md. 20014. 





rself 


in three places at once. 





Put 





——— pee 


4 


phn 


‘ 
e mr m n 





3- 


— E Ce, 


r» 











& During periods of cardiac instability more accurate 
į . Giagnosis demands more complete data. Having that 
information in seconds is one reason you should have 
the new Burdick EK-6 3-channel electrocardiograph. 


he EK-6 gives you three different perspectives of the 
! heart all ateonce. You can perceive the status of the 
heart ore accurately, with recording flexibility that is 
"al for complete cardiac diagnosis. 


Complete 12-lead ECGs in 
ten seconds. Once the 
electrodes are attached, 
pushing a single AUTO 
RUN button automatically pro- 
duces a complete 12-lead ECG 
ready for mounting. Three-lead 
groups are automatically iden- 
tified and marked. Lead 
lengths, selection, standardi- 

"ions, sensitivity settings, 
™ paper speed, and lead check 
are also automatically con- 
trolled. Or the EK-6 may be 
programmed for manual or 
semi-automatic operation. 
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2  3-channel electrocardiograph records ^ 
ree views of every heartbeat, simultaneously 


Direct-recording accuracy. Burdick's heated stylus, 
heat-sensitive cites and flat writing surface combine 
SEN reda ; ri to produce tracings of 
uncommon clarity and 
accuracy. And the EK-6 
produces a higher 
fidelity in the ECG to 
eliminate distortions 

or errors common 

with inferior recordings. 








Fast, sure electrode placement. 
complicated lead replacement are nearly eliminated. The 
Burdick EK-6 features color-coded, variable-length lead 
wires that allow the operator to place the leads quickly 
and securely. Burdick's unique patient- 


Tangled leads and 


cable junction block will accept 10 in- 
dividual leads for standard 
ECGs, or fifteen when XYZ 
(Frank) leads are desired. 
Also, our patient cable is 
easily repairable. 


You can view your patient's 
heart from three perspec- 
tives at one time with the 
Burdick EK-6 3-channel 
electrocardiograph. 
For a demonstration 
or more information, call, 
toll-free, (800) 356-0701. 
Within Wisconsin: (608) 
868-7631. Or write The 
Burdick Corporation, 
Milton, Wisconsin 53563 
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With the introduction of 
the new Sterile Disposable 
Domes, Bentley Trantec 
Offers safety, convenience 
and economy, previously 
unavailable. This has been 
accomplished by designing 
an isolating polycarbonate 
membrane into the dome 
itself. Only this membrane 
touches the transducer 
sensing surface, isolating 
the fluid in the dome from 
the non-sterile surface. It 
does not affect the sensitivity 
or fidelity of the transducer 
and the possibility of cross- 
contamination is completely 
eliminated. 


Bentley Trantec Domes also 
allow immediate and con- 
tinuous use of the trans- 
ducer. With each patient, 
simply change domes - no 
further need for time con- 
suming cleaning, wrapping, 
sterilizing or storing. 


STERILE 
FLUID 
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With the purchase of a © 


Bentley Trantec Pressure 
Transducer and the coupon 
below, we’ll give you a 
carton of six individually 
packaged domes. If you 
already have a Bentley 
Trantec Pressure Transducer | 
we'll send you six domes 4 
free without an additional 
purchase. Fill out and sen 
today; this offer is limited. - 


4 


BENTLEY TRANTEC;INC. f 


A SUBSIDIARY OF BENTLEY LABORATORIES, INC. 


17502 Armstrong Avenue 
Irvine, California 92705 
(714) 556-4464 


Here's your opportunity to examine the new Bentley Trantec Sterile Disposable Domes - AT OUR EXPENSE. 


O Please send six (6) domes free of charge. 
The serial number of our Bentley Trantec 


Pressure Transducer is 


(] Please send six (6) domes free of charge. Our 
Purchase Order No.. 
amount of S420.00 for one Bentley Trantec 


in the 


Pressure Transducer is attached to this request. 


[] Please send additional literature and price 


information. 


NOTE: OFFER LIMITED. ONE CARTON OF 
| SIX DOMES TO A CUSTOMER 
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For the 
“ultimate test” of 
Stability... 


prescribe a 
nitroglycerin with 
proof of stability. 
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Therearealot of ways to say stable 
when you re dealing with nitroglycerin. 
That's why the testing of Nitrostat includes tests 
to simulate, as closely as possible, the actual conditions 
of use 
For example, we test for wickability— a Parke-Davis 
test (the time in seconds required for water to wet the 
tablet completely by capillary action under controlled 
conditions) to simulate under-the-tongue conditions. 
Heat-stable? Yes. Up to 45 C (113 F), considerably 
higher than ‘vest pocket temperatures. 








JSP LIMITS FOR NITROGLYCERIN | 
(+ 20% of Label Claim) 





"Fusari SA: Data on tile, Parke, Davis & Company. Detroit, Michigan (Testr 
lar tor the 0 4-mg and tne 0 6-mg strengths.) 


Potency and Content Uniformity? The average assay 
still shows almost 10096 of label claim more than 30 
months after manufacture. What's more, the crucial 


question of maintenance of content uniformity of nitro- 
glycerin is answered by Nitrostat as proved by assay: 
less chance of your patient taking a superpotent or, more 
important. a subpotent tablet. 

Disintegration? We test it using the USP test in 800 
ml of water. All tablets usually disintegrate within 30 sec- 
onds (USP limit — 2 minutes). 

Dissolution? Using NF Method IL. we show greater 
than 90% dissolution in 30 seconds. 

Now, each factor taken by itself may not be decisive. 
But taken together, they add up to a good reason to 
prescribe Nitrostat. 


Nitrostat 


(nitroglycerin tablets, USP) 


0.3 mg (1/200 gr) — 0.4 mg (1/150 gr) — 0.6 mg (1/100 gr) 


sublingual tablets 


stabilized formula 


Available in bottles of 100 
and new Convenience Packs of 25 


PARKE-DAVI S PARKE. DAVIS & COMPANY. Detroit, Michigan 48232 
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201 Early Risks of Open Heart SANIA for Mitral Valve Disease 


AZAI APPELBAUM, NICHOLAS T. KOUCHOUKOS, EUGENE H. BLACKSTONE and 
JOHN W. KIRKLIN —- de A TALK ON 


The iude: mortality r rate was S. 4 | percent i in 204 patients undergoing Spent neant PUDOR | 


disease. Thirty-one had dois bari mitral commissurotomy without mortality. The « death 
rate was greater in patients with class IV disability preoperatively. The probability of hospi- 
tal death was a significant function of the cardiac index; it was 10 percent with an aver- 
age index of 1.42 liters/min per m? and increased sharply with lower indexes. Improve- 


ment in operative results requires adequate preservation of left ventricular performance 
before, during and after operation. EREE ME t LIEI EU RA | 
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210 Risk of Death Related to Di anal Arteriography: Role of Left Coronary Arterial Lesions 
DIEVEN: WOLFSON, DAVID GRANT, ALLAN M. ROSS and LAWRENCE S. COHEN 


Seven deaths within 5 days after coronary arteriography i in 800 consecutive patients ap- 
pear to be related to a stress imposed on patients in an unstable condition with extensive 
myocardial perfusion deficit caused by left main coronary disease or equivalent lesions. 

The patients’ functional class of angina pectoris was the best predictor of a high risk at- 
cardiac catheterization. Twelve patients had catheterization-related myocardial infarc- 
tion. Extensive coronary artery disease was associated with the high risk of catheteriza- 
tion-related mortality. i jà | i 


217 Clinical Significance of Coronary Arterial Ectasia 


JOHN E. MARKIS, C. DAVID JOFFE, PETER F. COHN, DENNIS J. FEEN, 
MICHAEL V. HERMAN and RICHARD GORLIN s 


Goronty arterial ectasia Laonryaeràl dilatation) was found in 30 of 2,457 consecutive 
patients undergoing cardiac catheterization and resulted in six deaths (15 percent annual 
rate) during a mean follow-up period of 24 months. Extensive destruction of the muscu- 
loelastic elements was responsible for marked weakness of the vessel wall. The short- 
term prognosis in this condition is the same as in medically treated patients with three- 
vessel obstructive coronary artery disease. 

Continued on page A13 








b Save it with the Avionics Respiratory Gas Analyzer. 
And save valuable time for investigator, technician and patient alike. 


>» The Avionics Respiratory Gas Analyzer gives immediate 
ALS feedback within one minute in clinical use. It meastires 
ventilation volume, oxygen consumption, total oxygen 
`œ uptake per kilogram of body weight, CO2 in liters 
“i; per minute, RQ, total heartbeats per minute, elapsed 
i time of test — and it continuously displays this 
test data in easy to read and meaningful numbers 
which are updated minute by minute. 


The Respiratory Gas Analyzer is also available 

with digital outputs for hard copy records on 

printers or plotters. And it can be used in con- 
junction with our 860 Printer/Plotter to vali- 
date data collected by the observer and 
provide data which might occasionally be 
missed. 


Independently evaluated for accuracy by 
leading authorities, the Avionics Respiratory 
Gas Analyzer is the result of working with 
you to produce the right instruments... for the 
right jobs... at the right time. 
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[] Please send me more information on the 
Avionics Respiratory Gas Analyzer and your 
Exercise Stress Test Heart Monitoring Brochure. 


[] Send the literature, and schedule me for a 
visiting demonstration. 


Name and Title 

Organization 

Address 
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223  Electrocardiographic Changes and Cardiac Arrhythmias in Patients R 
Drugs 


° NOBLE O. FOWLER, DAVID McCALL, TE-CHUAN CHOU, JOHN C. t 
IRWIN B. HANENSON 


Eight patients had cardiac manifestations attributed to psychotrop 
thiazines or tricyclic antidepressants. Mellaril (thioridazine) appeare 
five cases of ventricular tachycardia, including one that resulted in 
woman. Five patients were 50 years of age or younger and only or 
ease. This report emphasizes the potential hazard of cardiac arrhy 
out heart disease receiving therapeutic doses of psychotropic drug 


231 Significance of A-H Interval in Patients With Chronic Bundle Branch E 
Electrophysiologic and Follow-up Observations 


RAMESH C. DHINGRA, CHRISTOPHER WYNDHAM, FERNANDO AM/ 
WU, PABLO DENES, WILLIAM D. TOWNE and KENNETH M. ROSEN 


An 18 month prospective follow-up study of 308 adults with chror 
revealed an association between A-H prolongation and increase 
heart disease and myocardial dysfunction. Seven (3 percent) of th« 
A-H interval had atrioventricular (A-V) block (either proximal or c 
and six (10 percent) of those with a prolonged interval had A-V bk 
bundle). Although there was greater risk of A-V nodal block in the 
of minimal clinical significance. At present, A-H prolongation it 
branch block is not an indication for prophylactic demand pacing. 


237 Hereditary Prolongation of the Q-T Interval. Genetic Observations ani 
Three Families With Twelve Affected Members 


PAUL R. ROY, RICHARD EMANUEL, SIDDIG A. ISMAIL and MOHAMI 


In these three families, hereditary prolongation of the Q-T interval 
to an abnormal adrenergic mechanism with abnormal Q-T prolong 
pathetic stimulus (exercise). In two such cases associated with dy 
current syncope one child (aged 9 years) was successfully treatec 
mand pacemaker and propranolol, and the other (aged 7 years) wit 


Continued on page A17 








raroton 50mg. 


 (chiorthalidone) 
blocks sodium retention longer 


Diuretics reduce blood pressure by blocking 
sodium retention to lower "effective" volume. 
But, the body's renal compensatory mech- 
anisms are mobilized to promote sodium 
conservation, expand “effective” volume and 
reelevate blood pressure. Sustained control of 
"effective" volume is therefore essential to 
treatment. Hygroton blocks sodium retention 
longer than any other diuretic available. 


Provides sustained control 


Since the effects of Hygroton are exerted over a 
24-hour period, sodium diuresis is gradual and 
prolonged. At the renal tubular level, Hygroton 
thwarts attempts of the renin/angiotensin/ 
aldosterone system to conserve sodium, thus 
keeping "effective" volume and blood pressure 
down. Inadequate doses of diuretics may permit 
the renin/angiotensin/aldosterone system to 
prevail, but Hygroton helps inhibit itthrough . . 

a ‘24-hour sentry” effect 


Enhances patient compliance 


The “24-hour sentry” effect of Hygroton allows 
once-a-day administration. This uncomplicated 
regimen encourages patient compliance 
through simplicity and economy. Proven efficacy 
and compliance have made Hygroton one of the 
most widely prescribed diuretic/antihyperten- 
-sives for mild to moderate hypertension today. 


Hygroton 
the 24-hour sentry 


Also available as Hygroton 100 mg. 





USV Pharmaceutical Mfg. Corp. 
pyarmaceumcats Manati, P.R. 00701 








BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in edema. 
Contraindications: Anuria, hypersensitivity to chlorthali- 
done; routine use of diuretics in an otherwise healthy preg- 
nant woman with or without mild edema is contraindicated 
and possibly hazardous. Warnings: Should be used with 
caution in severe renal disease, impaired hepatic function 
or progressive liver disease. May be additive or potentiative 
of the action of other antihypertensive drugs. Sensitivity 
reactions may occur in patients with a history of allergy or 
bronchial asthma. Usage in women of childbearing age 
requires that the potential benefits of the drug be weighed 
against its possible hazards to the fetus. These hazards 
include fetal or neonatal jaundice, thrombocytopenia, and 
possibly other adverse reactions which have occurred in the 
adult. In nursing mothers, thiazides cross the placental 
barrier and appear in cord blood and breast milk. Precau- 
tions: Periodic determination of serum electrolytes to 
detect possible electrolyte imbalance should be performed 
at appropriate intervals. All patients receiving chlorthalidone 
should be observed for clinical signs of fluid or electrolyte 
imbalance; namely, hyponatremia, hypochloremic alkalo- 
sis, and hypokalemia. Serum and urine electrolyte determi- 
nations are particularly important when the patient is 
vomiting excessively or receiving parenteral fluids. Medica- 
tion such as digitalis may also influence serum electrolytes. ` 
Hypokalemia may develop with chlorthalidone as with any 
other potent diuretic, especially with brisk diuresis, when 
severe cirrhosis is present, or during concomitant use of 
corticosteroids or ACTH. Interference with adequate oral 
electrolyte intake will also contribute to hypokalemia. Digi- 
talis therapy may exaggerate metabolic effects of hypokale- 
mia especially with reference to myocardial activity. Any 
chloride deficitis generally mild and usually does not require 
specific treatment except under extraordinary circum- 
stances (as in liver disease or renal disease). Dilutional 
hyponatremia may occur in edematous patients in hot 
weather. Hyperuricemia may occur or gout precipitated in 
certain patients. Insulin requirements in diabetic patients . 
may be increased, decreased, or unchanged and latent 
diabetes mellitus may become manifest. Chlorthalidone 
and related drugs may increase the responsiveness to 
tubocurarine. The antihypertensive effects of the drug may 
be enhanced in the postsympathectomy patient. Chlor- 
thalidone and related drugs may decrease arterial respon- 
siveness to norepinephrine. If progressive renal impairment 
becomes evident, as indicated by a rising nonprotein . 
nitrogen or blood urea nitrogen, a careful reappraisal of 
therapy is necessary with consideration given to withhold- 
ing or discontinuing diuretic therapy. Chlorthalidone and 
related drugs may decrease serum PBI levels without signs 
of thyroid disturbance. Adverse Reactions: Anorexia, gas- 
tric irritation, nausea, vomiting, cramping, diarrhea, con- 
stipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, headache, 
xanthopsia; leukopenia, agranulocytosis, thrombocy- 
topenia, aplastic anemia; purpura, photosensitivity, rash, 
urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculi- 
tis), Lyell's syndrome (toxic epidermal necrolysis). Ortho- 
static hypotension may occur and may be aggravated by 
alcohol, barbiturates or narcotics. Other adverse reactions 
include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, impotence. Whenever 
adversereactions are moderate or severe, chlorthalidone 
dosage should be reduced or therapy withdrawn. 

Usual Dose: One tablet daily. How Supplied: Tablets— 
100 mg. (white, scored) and 50 mg. (aqua) in bottles of 100 
and 1000; single-dose blister packs, boxes of 500; PAKs of 
28tablets, boxes of 6. 


If it were your blood pressure, would you 


accept less than Gould Statham? 


The Gould Statham Model P23 ID 
Transducer is the culmination of 
nearly 30 years of leadership in 
the medical transducer field. 

The P23 ID has dependable 
electrical isolation that assures 
patient safety and is uncondition- 
ally guaranteed against damage 
from defibrillator or electrocautery 
use. All this plus stable, accurate 
performance in such applications 
as arterial, venous and wedge 
pressure measurements. 


Add the Disposable Diaphragm 
Dome to the P23 ID or most other 
units in the P23 series and you 


P23 ID pressure transducer with 
Disposable Diaphragm Dome. 





have an impressive combination 
working for you: performance and 
safety with less overall cost. 

For more information on the 
P23 ID, Disposable Diaphragm 
Domes, and an outstanding oppor- 
tunity to upgrade your transducer 
inventory through a generous 
trade-in program, write Medical 
Transducer Sales Manager, Gould 
Inc., Statham Instruments Division, 
2230 Statham Boulevard, 
Oxnard, CA 93030. 


=» GOULD 7, _ 
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EXPERIMENTAL STUDIES. 


244 , Comparative Effects of Nitroglycerin and Isosorbide Dinitrate on Coronary Collateral 
Vessels and Ischemic Myocardium in Dogs © 


MICHAEL V. COHEN, EDMUND H. SONNENBLICK and EDWARD S. KIRK 


In dogs with well-developed coronary collateral vessels e to 14 weeks after embolization 
and subsequent occlusion of the left anterior descending coronary artery, the intracorona- 
ry injection of isosorbide dinitrate increased the peripheral coronary pressure by 9.0 mm 
Hg and the contractile force in the ischemic area by 30 percent. The contractile force 
was unchanged in the normal regions thus indicating that isosorbide dinitrate can dilate 
coronary collateral vessels and improve contractile force in ischemic areas. Nitroglycerin 
resulted in similar responses. The duration of effect was 6.4 minutes with Isosorbide dini- 
trate and 6.7 minutes with nlitagiycenn; i | 


METHODS 


. x 


250 Cross-Sectional Echocardiographic Localization of Sites of Left Ventricular Outflow Tract 
Obstruction Pas ets ap. 
DAVID E. WILLIAMS, DAVID. J. SAHN and WILLIAM F. FRIEDMAN 


" 


This study of the left ventricular outflow tract in 35 Sahat suggests ` that Cross- sectional 
echocardiography provides an important new means of differential diagnosis. It allows ac- 
curate localization of the site of obstruction in patients with aortic stenosis and other forc- 
es of outflow tract obstruction such as supravalvular aortic stenosis, discrete subaortic 
stenosis and Kopae hypertrophic subaortic stenosis. _ | 3 


v 256 Resolution Problems in Echocardiology: A Source of Interpretation Errors 


JOS ROELANDT, WIM G. van DORP, NICOLAAS BOM, JOHN D. LAIRD and 
PAUL G. HUGENHOLTZ : rg : 


Limited lateral fesolution resulting from the finite beam width used in current ultrasonic de- 
vices can create off-axis or ''spurious echoes" with consequent errors in interpretation. 
As shown in this clinical experiment using the ball of a Starr-Edwards mitral valve prosthe- 
sis, such spurious echoes may show up in conventional M-mode tracings at a site where 
there is no directly corresponding anatomic structure or ney PEN bed in n. important dis- 
tortions of structure in Logis és ossia: imaging. po d l a IAE, 
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To convert...to MAINTAIN normal sinus rhythm 


After conversion of cardiac arrhythmias — whether with CARDIOQUIN Tablets or some other current method — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate salt of quinidine is required in most cases to 


maintain normal sinus rhythm. 


Well-tolerated, CARDIOQUIN Tablets are particularly suited fcr maintenance therapy, since the polygalactur- 
onic acid serves as a buffering moiety. It protects the mucosa of the stomach and permits dependable 


absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Practice, ed. 8. Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN 
Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of: premature atrial and 
ventricular contractions; paroxysmal atrial tachy- 
cardia; paroxysmal AV junctional rhythm; atrial 
flutter; paroxysmal atrial fibrillation; established 
atrial fibrillation when therapy is appropriate; 
paroxysmal ventricular tachycardia when not as- 
sociated with complete heartblock; maintenance 
therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to 


escape mechanisms should not be treated with 
quinidine. WARNING: In the treatment of atrial 
flutter reversion to sinus rhythm may be pre- 
ceded by a progressive reduction in the degree 
of AV block to a 1:1 ratio and resulting extremely 
rapid ventricular rate. COMPOSITION: Each 
CARDIOQUIN Tablet (quinidine polygalacturo- 
nate 275 mg.) is equivalent in quinidine content 
to 3 grains quinidine sulfate, DOSAGE AND AD- 
MINISTRATION: Dosage must be adjusted to 
individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be 


used to terminate arrhythmias, and may be re- 
peated in 3-4 hours. If normal sinus rhythm is not 
restored after 3 or 4 equal doses, the dose may 
be increased by Y» to 1 tablet (137.5 to 275 mg.) 
and administered three to four times before any 
further dosage increase. For maintenance, one 
tablet may be used two to three times a day; 
generally one tablet morning and night will be 
adequate. SUPPLIED: Uncoated, scored tablets 


in bottles of 50. Purdue Frederick 


€ COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 A7356 138274 
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. REPORTS ON THERAPY PIX 


263 Isosorbide Dinitrate for the Relief of Severe Heart Failure After Myocardial Infarction 


JOHN A. MANTLE, RICHARD O. RUSSELL, Jr., ROGER E. MORASKI and 
CHARLES E. RACKLEY — DOES | 


Sublingual administration of isosorbide dinitrate (5 to 10 mg) effectively relieved symp- 
tomatic pulmonary venous hypertension without further compromising left ventricular 
function in seven consecutive patients with severe congestive heart failure after an ante- 
rior wall myocardial infarction. The rapid resolution of pulmonary symptoms after reduc- 
tion of the pulmonary arterial end-diastolic pressure and the diuretic effect may eliminate 
the need for digitalis during the immediate postinfarction period and reduce the electro- 
lyte disturbance frequently induced by diuretic drugs. The effect of this treatment on long- 
term prognosis remains unknown. I OS sore 
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EPIDEMIOLOGY 


269 Some Lessons in Cardiovascular Epidemiology From Framingham ( 
WILLIAM B. KANNEL ——— — Mesa ee 


A cardiovascular risk function score, based on casual blood tests for cholesterol and glu- 
cose, blood pressure, resting electrocardiogram and a cigarette-smoking history, can 
identify people at high risk for cardiovascular disease who require preventive care. Con- 
siderable progress can and has been made in the detection of highly vulnerable persons 
in the asymptamatic population and in the management of their predisposing risk factors. 
Nevertheless, more effective intervention programs must be developed for prevention 
without competing for scarce medical resources essential to care of the sick. 


REVIEWS 


283 Cyanotic Congenital Heart Disease 
MARY ALLEN ENGLE = 


Evolving concepts of diagnosis and surgical management of patients with cyanotic con- 
genital heart disease, as summarized in this authoritative review, have improved the prog- 
nostic picture from blue to ‘‘something close to rosy" in the last 30 years. Collaboration of 
the team of cardiologists, surgeons, radiologists, anesthesiologists and nurses has ex- 
tended the opportunities for definitive reparative surgery to the first weeks and months of 
life. MAE | 
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WEDGE PRESSURE 
MONITORING. 


UNCOMPLICATED. 


CDATASCOPE 
TYPE P2 


PRESSURE MODULE 


SENSITUHTY 


MEAN 


UEa a 


ANGER -POSSIBLE EXPLOSION HAZARD IF USED 
THE PRESENCE OF FLAMMABLE ANESTHETICS 


The Swan-Ganz* Catheter 
simplified monitoring. It took 
you out of the cath lab and into 
ICU/CCU. 

The Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we've simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 
unique movable reference trace. 
It makes reading the pressure 
changes much easier, much 


DATASCOPE 


TYPE L PHYSIOLOGICAL ALARM 


4 


| mm SYSTOLIC 


DANGER--POSSIBLE EXPLOSION HAZARD iF USED IN. WOES. 
THE PRESENCE OF FLAMMABLE ANESTHETICS > 


faster, much more accurate. 

And once the catheter has 
been passed, we ve simplified 
the job of monitoring. In fact, 
we ve taken it to the point where 
the nursing staff can handle it 
without any assistance. 


If you've gotten used to big, 


bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 
Its extremely light, and com- 
pact. It easily fits at bedside. 
And it's portable. You can 
move it where you need it, 





when you need it. 

So you don't have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
it, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONITOR GROUP 


Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 
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HISTORICAL MILESTONES 


309 . Del Vàcchio (1895) on Suture of the Heart—i 
SAUL JARCHO 


Published in 1895, these AAAH aniiiel studies by Del Vecchio confirmed the practicabili- 
ty of successfully suturing heart wounds. _ 


CASE REPORTS 


4 


311 Correlation of Acute di Infarct Scintigraphy With Postmortem Studies 
B. LEONARD HOLMAN, MICHAEL EHRIE and MICHAEL LESCH 


B 


Postmortem tracer PSU after the apparently unrelated death of a 57 year old woman 
with an acute myocardial infarction 12 hours after the injection of technetium-99m pyro- 
phosphate showed large tracer concentrations only within the acutely infarcted area. 
Such biologic distribution suggests that acute myocardial infarct SO can estimate 
the extent of an (acne myocardial infarct. | 
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314 Refractory Y VétAcilos italian and Fibrillation ina Patient With the Prolapsing Mitral 
Leaflet Syndrome: Successful Control With Overdrive Pacing 


JAMES L. RITCHIE, KARL 3  HAMMERMEISTER. and J. WARD KENNEDY 


Overdrive pacing dolutildad. with propranolol successfully controlled recurrent ventricular 
tachycardia and fibrillation. in a 56 year old taxi driver with prolapsing mitral leaflet syn- 
drome. This report draws. attention. to the potential hazard of sudden death in this syn- 
drome and the role of permanent overdriving pecs in TRUM TORIS arrhythmias re- 
fractory to drug xiii VA MA : | 
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EDITORIALS 


Sudden Death in the Mitral Valve Prolapse-Click Syndrome 
ROBERT M. JERESATY 


a | S B 
Significance of Cardiac Function in Surgical Management of Patients With Valvular Heart 
Disease | | 3335: wae 
HOOSHANG BOLOOKI and GERARD KAISER 


i 
X X 


E d 


Cardiac Valve Replacement: An Unanswered Question - 


ARTHUR SELZER 
Continued on page A23 
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SUMMARY OF 
PRESCRIBING INFORMATION 
Mode of action: The mechanism of action 
of SORBITRATE (isosorbide dinitrate) is 
unknown, although the basic pharma- 
cologic action is to relax smooth muscle 
Isosorbide dinitrate reduces in number and 
severity the incidence of angina pectoris 
attacks, with concomitant reduction in nitro- 
glycerin intake 












Indications: Based on a review of this drug 
by The National Academy of Sciences — 
National Research Council and/or other in- 
formation, FDA has classified the indications 
as follows 
Probably" effective: Sublingual and. chewable 
dosage forms of SORBITRATE are indicated for the 
treatment of acute anginal attacks and for prophy- 
laxis in situations likely to provoke such attacks. 

Final classification of the less-than-effective indica- 
tions requires further investigation 



















Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during the 
early days of the acute phase of myocardial infarction 
are insufficient to establish safety. Phenobarbital may be 
habit forming 
Precautions: Should be used with caution in patients 
who have glaucoma. Tolerance and cross tolerance to 
other nitrates may occur. 
Adverse Regctions: Headache which may be severe and 
persistent. Lowering the dose and using analgesics will 
help control the headaches which usually diminish or 
disappear as therapy is continued 

Adverse reactions seen occasionally: Cutaneous vaso- 
dilation with flushing; transient dizziness and weakness 
as well as other signs of cerebral ischemia associated 


with postural hypotension; individual marked sensitivity 
to the hypotensive effects of ‘nitrates wherein severe 
responses can occur even with the usual therapeutic 
dose (alcohol may enhance this effect); drug rash and/ 
or exfoliative dermatitis 

(R) This drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine and other 
agents 
Dosage and Administration: Route: Sublingual, oral and 

e chewable tablets 


Individual Dose: To minimize hypotensive responses, 


which may occasionally be severe with chewable doses 
as low as 5 mg., the smallest effective dose should be 
employed. Chewable tablets are generally given in doses 


of 5 mg. Sublingually or orally, 5 to. 10 mg. is the range 
commonly used although doses of up to 30 mg. have 
frequently been employed 


á ^ Dosage Schedule: Smallest fpe ve dosa limes d 

As with sublingual ISDN: cr ne ersten E ACE paru 
i i | dod imer daly SHEWABLE SORATA TE en DO 
acts In 2 Mm | N utes for therapeutic use. ve Medi b ronsot relict of anginal pain 3 or 4 times daily 
Although the onset and duration of effect of coronary 


acts up to 2 hours for prophylaxis. nitrates may vary, following are the generally reported 


ranges of these values for SORBITR 
Onset of Effect: Sublingual and Chewable: 2 to 5 
minutes. Oral: 15 to 30 minutes 
> . Duration of Effect: Sublingual and Chewable: 1 to 2 
In addition a hours. Oral: Estimated to be 4 to 6 hours. 
It is recommended that the oral dosage be taken on 


chewing action helps distribute ON irae eibi 
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Propranolol Therapy During Pregnancy and Lactation—Anderson et al. 
Echocardiogram in Vegetative Aortic Bacterial Endocarditis—Sasse et al. 
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Book Reviews 
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ECHO-IV Dedicated Echocardiograph/SIMULTRACE Recorder 


ECHO IV brings the laboratory-quality echocardiography of the VR-12 to the small lab, bedside, or 
your office. This compact, mobile instrument gives you the features you need at the price you can 
- . afford. The same record clarity and fine detail you get in the lab with a VR-12 are now yours in 
. diagnosis, screening, and follow-up echo examinations—with the ECHO IV. 







\ ae | 
[d ` ^ 
| v ad w Mal w- we 


Production scheduled later this year 


e Compact (only 53" H x 19" W x 25" D) and 
mobile, ECHO IV features the high-quality 
fiber-optic camera of our Model VR-12. 

e Large display screen with separate "A- 
mode’ screen. Easy to set up. Easy to use. 

e Four physiological channels plus echo 
channel. 

e Uses either photosensitive or UV-sensitive 
chart paper. 

e Built-in Rapid Writer processes records 
as they're made. 


(Tam 
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Time-Motion echocardiographic records pride by 
the ECHO IY and VR-12 are identical in size, quality and 
resolution. For a more complete clinical picture of your 
patients condition, ECHO IV provides four physiological 
recording channels to add parameters such as ECG, 
pressure, pulse, and heart sounds to the echo record. 
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t THE VR-12 SIMULTRACE Recorder 


Unequalled versatility and pinpoint-sharpness give it 
the recording power to capture all the data a laboratory 
needs in echocardiography, phonocardiography, C-V 
pressurgs...and more. 
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(pentaerythritol tetranitrate) 80mg 
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below. You MUST include your ZIP code. Post 
Office rules will not permit us to send your 
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CAUTION: Federal law prohibits dispensing 
without prescription. 

Description: Each tablet of Peritrate SA 
Sustained Action contains: pentaerythritol 
tetranitrate 80 mg(20 mg in immediate 
release layer and 60 mg in sustained release 
base). Peritrate* (pentaerythritol tetrani- 
trate) is a nitric acid ester of o tetrahydric 
alcohol{pentaerythritol). 


Indications: Based on a review of this drug 
by the National Academy of Sciences — 
National Research' Council and/or other 
information, FDA has classified the indica- 
tions as follows: 

"Possibly" effective: Peritrate (penta- 
erythritol tetranitrate), is indicated for the 
relief of angina pectoris (pain associated 
with coronary artery disease). It is not 
intended to abort the acute anginal 
episode butit is widely regarded as use- 
ful in the prophylactic treatment of angina 
pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 


Contraindications: Peritrate SA Sustained 
Action (pentaerythritol tetranitrate) 80 mg is 
contraindicated in patients who have a history 
of sensitivity to the drug. 

Warning: Data supporting the use of Peritrate 
(pentaerythritol tetranitrate) during the 

early days of the acute phase of myocardial 
infarction (the period during which clinical 
and laboratory findings are unstable) are 
insufficient to establish safety. 

This drug can act as a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents. 
Precautions: Should be used with caution in 
patients who have glaucoma. Tolerance to 
this drug, and cross-tolerance to other nitrites 
and nitrates may occur. 

Adverse Reactions: Side effects reported to 
date have been predominantly related to rash 
(which requires discontinuation of medication) 
and headache and gastrointestinal distress, 
which are usually mild and transient with con- 
tinuation of medication. In some cases severe 
persistent headaches may occur. 

In addition, the following adverse reactions 
to nitrates such as pentaerythritol tetranitrate 
have been reported in the literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and 
weakness, as well as other signs of 
cerebral ischemia associated with 
postural hypotension, may occasionally 
develop. 

(c) An occasional individual exhibits marked 
sensitivity to the hypotensive effects of 
nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur, 
even with the usual therapeutic doses. 
Alcohol may enhance this effect. 

Dosage: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg (b.i.d. on 
an empty.stomach), | tablet immediately on 
arising ond 1 tablet 12 hours later. Tablets 
should: not be chewed, 

Supplied: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg, double 
layer, biconvex, dark green /light green tablets 
in bottles of 100 (N 0047-0004-51) and 1000 

(N 0047-0004-60). Also in unit dose — package 
of 10 x 10 strips (N 0047-0004-11). 

Additional Dosage Forms: Peritrate 20 mg — 
light green, scored tablets in bottles of 100 

(N 0047-0001-51) and 1000 (N 0047-0001-60). 
Also in unit dose — package of 10 x 10 strips 
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For over 22 years, Peritrate" has been 
considered by many physicians as one 
of the top defensive measures for 
patients with angina pectoris. In many 
patients Peritrate used prophylactically 
helps decrease the frequency and sever- 
ity of angina attacks * With minimal 

side effects. 


Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 


LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 


Peritrate 5H 


Sustained Action 
(pentaerythritol tetranitrate) 80mg 


Warner/Chilcott 
Div. Warner-Lombert Company 


Morris Plains, N.J. 0795 


The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20 feet thick, 
helped defend China from the attack of 
Mongol hordes for more than 2,000 years. 


"The drug has been evaluated as possibly 


effective*ōr this indication 
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— "NOWAVAILABLE... | HYPERSTAT® LV. (brand of diazoxide, USP) © 


X 
| ; FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY "i N 
INDICATIONS For the emergency reduction of blood pressure in malignant 
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diastolic pressure is required, Treatment with orally effective antihypertensive 
agents should be instituted as soon as the hypertensive emergency is controlled. À 
HYPERSTAT |.V. Injection is ineffective against hypertension due to pheo- 
chromocytoma. 


CONTRAINDICATIONS It should not be used in the treatment of compensatory | 
hype tenaient, such as that associated with aortic coarctation or arteriovenous x 
shunt, nor in patients hypersensitive to diazoxide or other thiazides, unless the s2] 
potertial benefits outweigh the possible risks. i 
WARNINGS Safety in pregnancy and in children has not yet been established. i 
Information is not available concerning the passage of HYPERSTAT in breast 
milk, However, it is known that diazoxide crosses the placental barrier and 


' | HE hypertension in hospitalized patients, when prompt and urgent decrease Øf 


» 


OF CARDIOLOGY 


NN appears in cord blood. Like other thiazides, the drug may produce fetal or neo- | 
ee natal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, | 
ES and possibly other adverse reactions that have occurred in adults. Hypotension | 
cae may occasionally result. If severe enough to require therapy, it will usually | 
re respond to the administration of sympathomimetic agents, such as norepine- 24 
4. phrire, Hyperglycemia occurs in the majority of patients, but usually requires j 


treatment only in patients with diabetes mellitus; it will respond to the usual . 
management, including insulin. Therefore, blood glucose levels should be moni- 

torec, especially in patients with diabetes or in those requiring multiple injec- | 
tions of diazoxide. Hyperglycemia and hyperosmolar coma associated with | 
transient cataracts developed in one infant receiving repeated daily doses of i 
oral diazoxide. The disturbed carbohydrate metabolism was successfully treated 

with insulin. Cataracts have been observed in a few animals receiving repeated | 
daily doses of intravenous or oral diazoxide. Since diazoxide causes sodium re- | 
tention, d injections may precipitate edema and congestive heart failure. | 
This retention responds characteristically to diuretic agents if adequate renal ! 
function exists. Concurrently administered thiazides may potentiate the anti- 
hypertensive, hyperglycemic, and hyperuricemic actions of diazoxide (See Drug 
Interactions). Since increased volume of extracellular fluid may be a cause of 

treatment failure in nonresponsive patients, it may be advisable to reduce this 

increased volume by means of a diuretic agent. Although no evidence of exces- 3 





= CUMULATIVE 
INDE X TANSAN 


— .— .. Covers all material published in THE AMERICAN 
JOURNAL OF CARDIOLOGY from January 1968 
—— through December 1972. 





sive anticoagulant effects has been reported, patients, especially those who are 

- hypoalbuminemic and receive HYPERSTAT !.V. Injection and coumarin or its de- 
Yet d eet may require reduction in dosage of the anticoagulant (See Drug 
nteractions), 


PRECAUTIONS HYPERSTAT (diazoxide) |.V. Injection is a potent antihyperten- 

sive agent requiring close monitoring of the patient’s blood pressure at fre- 

quent intervals. Its administration may occasionally cause hypotension requiring 

treatment with sympathomimetic drugs. Therefore, adequate facilities to treat 

such untoward reactions should be available. It should be administered only into 

a peripheral vein, Because the alkalinity of the solution is irritating to tissue, | 

extravascular injection or leakage should be avoided; subcutaneous administra- 

tion nas produced inflammation and pain without subsequent necrosis, If leak- 

age into subcutaneous tissue occurs, the area should be treated hei breed l 

Maximal antihypertensive effects occur after rapid administration (within 30 i 

seconds) into the vein; a slower injection may fail to reduce blood pressure or j 
^ 
| 


/— — e CLINICAL STUDIES 
— .. eEXPERIMENTAL STUDIES 
= e SYMPOSIA | 
/... e REPORTS ON THERAPY 
se REVIEWS 

-.. . e SEMINARS 
|. .. e CASE REPORTS 


produce a very brief response, As with any potent antihypertensive agent, 
HYPERSTAT |.V. Injection should be used with care in patients who have im- 
paired cerebral or cardiac circulation, that is, patients in whom abrupt and 
brief reductions in blood pressure might be detrimental. Special attention is 
required for patients with diabetes mellitus and those in whom retention of salt í 
and water may present serious problems (See Warnings). Nondiabetic patients l 
may have a transient, reversible, and clinically insignificant increase in blood ] 


e glucose following HYPERSTAT I.V. Injection. Since peritoneal dialysis or hemo- 
ok e DIAGNOSTIC SHELF dialysis can reduce levels of diazoxide in the blood, patients undergoing dialysis 

EL / may require more than one injection, EN 
= © HISTORICAL MILESTONES ADVERSE REACTIONS 

En i Frequent and serious adverse reactions: Sodium and water retention 

E Includes Author Index—and — Subject Index after repeated injections, especially important in patients with impaired cardiac 

Aes ‘ i n reference reserve; hyperglycemia frequently requiring treatment in diabetic patients, 

E A subjects are cross indexed for quick and easy especially after repeated injections. £ 

E *There is a limited supply of the 10 Year Cumulative Index Infrequent but serious adverse reactions: Hypotension to shock levels; 


myocardial ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and venticular arrhythmias, and marked electro- d 
cardiographic changes; cerebral ischemia, usually transient but possibly leading TT 


" -— A. available— January 1958 through December 1967 — Price 
$ to thrombosis and manifested by unconsciousness, convulsions, paralysis, con- 


TS $10.00. While supply lasts order both for only $15.00. 
i3 fusien or focal neurological deficit, such as numbness of the hands; persistent 


4 u | retention of nitrogenous wastes after repeated injections; sensitivity reactions, 

V Please use order form below. such as rash, leukopenia, and fever. Rarely, acute pancreatitis has been reported. 
Dir Papiiledema, induced by plasma volume expansion secondary to the administra- 
0200s c Predien poke sca ee ae ane eae is ey Se ane eee ee SS ees Soe oe ae oe oe cee pr of psy ed dn dese Ma i one patient who had received eleven injec- 
_, ae ions over a twenty-two day period. 

Wie THE AMERICAN JOURNAL OF CARDIOLOGY Other adverse reactions: Vasodilative phenomena, such as orthostatic 

1E P.O. Box 1172, Radio City Station, New York, N.Y. 10019 hypotension, sweating, flushing, and generalized or localized sensations of 
E warmth; supraventricular tachycardia and palpitation; bradycardia; various 
= D transient neurological findings secondary to alterations in regional blood flow 
—.. Send me THE AMERICAN JOURNAL OF CARDIOLOGY to the brain, such as headache (sometimes throbbing), dizziness, lightheaded- ] 
poo , ness, sleepiness (also reported as lethargy, somnolence or drowsiness), euphoria 
Am Cumulative Index or Indexes as checked below. or "funny feeling”, ringing in the ears and momentary hearing loss, and weak- 

D ness of short duration; chest discomfort or nonanginal “tightness in the chest''; 

Ee O Enclosed is my check for $8 for transient hyperglycemia in nodanna pue Marin TUM of seh 
CAM geneus wastes; and various respiratory and gastrointestinal findings, secondary 
p 5 YEAR CUMULATIVE INDEX 1968-1972 to the relaxation of smooth muscle, such as dyspnea, cough and choking sensa- 4 
Ee vi tion; nausea and vomiting and/or abdominal discomfort, anorexia, alteration in 
Bu C] Enclosed is my check for $10 for taste, parotid swelling, salivation, dry mouth, lacrimation, ileus, constipation - 


and diarrhea. Also, warmth or pain along the injected vein; cellulitus without 
sloughing and/or phlebitis at the site of extravasation; back pain; and increased 
nocturia, Apprehension or anxiety, malaise and blurred vision occurred on single 
occasions, 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may 
displace other substances or drugs which are also bound to protein, such as 
bilirubin or coumarin and its derivatives, These potential interactions must be 
considered when administering HYPERSTAT I.V. Injection, The concomitant ad- 
ministration of diazoxide with thiazides or other commonly used potent diu- ae 
retics may potentiate the hyperglycemic, hyperuricemic, and antihypertensive A 
effects of diazoxide, 


OVERDOSAGE Overdosage may cause an undesirable hypotension. Usually, this 
can be controlled with sympathomimetic agents, such as norepinephrine; failure 


10 YEAR CUMULATIVE INDEX 1958-1967 


O Enclosed is my check for $15 for both 
the 5 and 10 YEAR CUMULATIVE INDEXES 


AGUSSS 12 V Lolo ou LL M ÉÉM—MÁ——— 
5 Tra of the blood pressure to rise in response to such an agent suggests that the Eà 
hypotension may have been caused by something other than diazoxide. Exces- 
sive hyperglycemia resulting from overdosage will respond to conventional 
thesapy of hyperglycemia, Diazoxide may be removed from the blood by peri- 
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Eff „ti, Com, nicnt 
Stal Regimen-for rapid 
reduction of blood pressure 
in malignant hypertension 


directaction i 
ar iv 


@ ^A 
INJECTION 


SDAZOXDE 2525 


contains 300 mg 
“The injection of the [diazoxide] bolus in 10 to 15 seconds results 
in a prompt blood pressure fall in a high percentage of cases. A maximal 
blood pressure response usually occurs within 5 to 10 minutes; '* 
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O Rapid reduction to normotensive levels — Uncomplicated procedure 4 
à Induces rapid reduction of blood pressure generally Simple I.V. “push” in a peripheral vein in 30 seconds or D 
- - within. 5 minutes. ..often in 1 or 2 minutes to the lowest less. Close monitoring at frequent intervals is necessary D 


level achieved. Blood pressure response facilitated by 
appropriate diuretic therapy. 


until blood pressure is stabilized (generally 15-30 minutes). e. 
Thereafter, hourly measurement should be taken during 


^ 


EM. 

Bs the balance of effect. M. 

O Prolonged activity B 

A single injection of HYPERSTABL.V. generally maintains O Convenient...no preparation i| 

a blood pressure below pretreatment levels for periods HYPERSTAT I.V. supplied as a 20 ml ampule containing E 
up to 12 hours. 300 mg diazoxide in ready to use solution. 2 

55 

© Protective action — helps avert target 2 


*Marvin Moser. M.D., Assistant Professor of Clinical Medicine. Albert 


organ damage Einstein College of Medicine, and Chief of Cardiology, White Piains 


ff 
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Cardiac output increases as diastolic pressure IS Hospital. White P ains, N.Y., in Diazoxide— an effective vasodil i f in E 
reduced. Coronary and cerebral blood flow maintained. Po Moren RY BPRS D SITE RT RT Ay E S NS Ps coe b 
Increased renal blood flow after transient decrease. d 
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Administration guidelines 1 
E 





4 Fill dry syringe with appropriate dose 
of HYPERSTAT I.V. Injection (20 ml 
ampule contains 300 mg diazoxide). 


4 Keep patient recumbent for at least half 
€. an hour after injection; monitor BP 

. Closely until stabilized— usually 15-30 

minutes. 


2 Hospitalized patient should be 
» recumbent. Insert needle only into 
a peripheral vein. 


5 If patient is to be ambulatory, measure 
» BP in standing position before ending 
surveillance. 


3 Inject entire dose I.V. in 30 seconds or 
« less. Remove needle carefully— 
avoid extravasation. 


6 HYPERSTAT I.V. Injection should be 
» continued until a regimen of oral 
antihypertensive medication becomes 
effective (generally within a few days). 


Safe in sound. 


Probe your patients with image stability, and high 
sound. And record clear contrast—with no chemical 
echo patterns on Kodak processing. 
Linagraph direct print For details, write 
paper, type 2167. Eastman Kodak Company, 
Ultrasonic examination Dept. 412L (260-F), 
has become a useful Rochester, N. Y. 14650. 
technique to diagnose 
structural and functional RESULIS 
cardiac abnormalities. 
When used for ultrasonic 
applications, 2167 paper 
offers fast pop-up, excellent 
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` against angina pectoris 


- e Nitrates are the first line of defense 


* The therapeutic goal of oral nitrate therapy 


is an angina-free patient 


Fewer tahlets for patients on 80 mg. or more per day (up to a 
maximum of 120 mg./day) 


* To provide prophylaxis against anginal attacks often caused 


hy unavoidable everyday stress. 


* To reduce the frequency and severity of angina pectoris 


attacks. (Not intended to abort the acute episode.) 


* Indications: Based on a review of this drug by the National Academy 
of Sciences—National Research Council and/or other information, FDA 
has classified the indication as follows: 

"Possibly" effective: When taken by the oral route, Isordil is indicated 
for the relief of angina pectoris (pain of coronary artery disease). It is 
not intended to abort the acute anginal episode, but is widely regarded 
as useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. | 


Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites during the early days of the 
acute phase of mvocardial infarction (the neriod during which clinical and 






Precautions: Tolerance to this drug and cross-tolerance to other nitrites 
and nitrates may occur. 
Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
rash and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 
May we send you reprints, detailed information and/or professional samples? 


IVES LABORATORIES INC. 


New York, New York 10017 ® 
DEDICATED TO IMPROVING THE QUALITY OF LIFE 
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Peas TAL E CUTS E ec d Hid E FN KAY CIEL® Wes KAY CIEL® 
Production Manager: Marty Schlessel ^A ENE Leda CORRE ME: - (potassium chloride) | | (potassium chloride) 
Telephone: 212-489-5763 X 2 23 | Ner ‘are AN ELIXIR POWDER 
Reprints Manager: Herbert V. Paureiss,Jr. XA AS s i x [xa 10% E ' : Solodose® 
Telephone: 212-489-4683 ie tg rem M MC LE LATER : of, 
Marketing Director: Joseph L. Navitsky ober: De tek | DESCRIPTION: ATE _ DESCRIPTION: 
Telephone: 212-489-5754 _ i LAR TEEN ef Yo S Each 15 ml. (tablespoontul) .. Each Solodose packet 
Advertising Sales Manager: Robert C. Weidner | c n MS LN y JJ conta ker o contains: 
Telephone: 212-489- 5756 — Aca oe 3T | om A E bn Potassium. Chloride .. ^d 5 g. Potassium Chloride Ty. 1.5 g. 
E Surety d. ic - (supplying 20 meq.) - . (supplying 20 meq.) 
. i yt eg S aie Sete ud . Alcohol E 2 «m * i - flavored. Contains no sugar. 
ADVERTISING - i s Des go ^ : ; ze PAS e Us ME e Contains 
REPRESENTATIVES CMS oT pe a A 
| E IPRC TS i p Em INDICATIONS: ‘Treatmont and Nope of potassium deficiency 
NEW YORK t Vo reae DA ` E TAI i . occurring especially during thiazide diuretic or corticosteroid ther- 
Robert C. Weidner, CU MALAE "s ee apy, digitalis intoxication, low dietary intake of potassium, or as a 
—212-489-5756 bc OR Qr D y t RT EIE x result of excessive vomiting and diarrhea and for correction of 
BOSFREAVénue 7 s ADAE E a ls | ia ee associated hypochloremic alkalosis. 


New York. N. Y. 10019 
| CONTRAINDICATIONS: Im mpaired renal function, untreated Addi- 
| son 's Disease, dehydration, heat cramps and hyperkalemia. 
CHICAGO 


Wyman Carey | WARNINGS: Do not use excessively. 


— 312-648-5882 DRE KR, fg LTN a - PRECAUTIONS: Administer with caution and adjust to the require- 
222 South Riverside: Plaza "s tN at xa NS . ments of the individual patient. The patient should be checked — 
Chicago. Ill. 60606 © EX MERI EON INEST in) and periodic ECG and/or plasma potassium levels made. 
e, o rcr qus (2d ce od 23 -= Use with caution in patients with cardiac disease. In hypokalemic 
DALLAS PON A: PURSE SUN LEA Te] 124 1 / states, attention should be directed toward the correction of the 
Dick Piedo.. Rey fele i ue ve "d 3 * . frequently associated hypochloremic alkalosis. Patients should be 
— 214-270-6461 ss AES Je pee ay» cautioned to adhere to dilution instructions. 


1580 Eastgate Drive, Mons NUN A VOR 1 cme | ADVERSE REACTIONS: Potassium intoxication indicated by list- 

Garland, Texas. d Lb. a AS, UA Modes P lessness, mental confusion, paresthesia of the extremities, weak- 

ness of the legs, flaccid paralysis, fall in blood pressure, cardiac 

ATLANTA | A d dut. DAL i, ee dean d . depression, arrhythmias, arrest &nd heartblock. Vomiting, nausea, 
ee rd (ey O ee res Tt UNE . . &bdeminal discomfort and diarrhea may occur. 


—404-633-8296 = = | | DOSAGE AND ADMINISTRATION: Elixir: One tablespoonful (15 

P.O. Box 49087. 5 Er sm Sars : A GC. i oml. supplying 20 meq.) diluted in 4 ounces of water or fruit juice 

Atlanta, Ga. 30329 LP NOTAT "MEE twice daily (preferably after a meal), or as directed by physician. 

Sal sae Se EM ro WEE | Powder: Contents of 1 packet dissolved in 4 ounces of water or 

EDSCANGELES  — . |. S ee - fruit juice twice daily (preferably after a meal), or as directed by 

Mis Starkinan ^. c^ Se OE pee Fe; 1 physician. 
—213-386-1852 | ieu. ior DOE 

520 S. Lafayette Park PI., Room 220. 

Los Angeles, Calif. 90057 far eae 


‘4 OVERDOSAGE: In case of excessive use resulting in hyperkalemia 
or potassium intoxication, discontinue use of potassium chloride 
administration or take other steps to lower serum levels if indicated. 


EXE PBANCISCO |. 7] qu à HOW SUPPLIED: Elixir: In bottles of: 473 ml. (16 fl. oz.) 
Scott B. Hubbard. 43 etd i WE IEAA | LX ...NDC 0041-0143-16. 3785 ml. (128 fl. oz.) ... NDC 0041-0143-28. 
s AY 5-981-2 aod ri, Sez ak d ja e o ‘ual . Powder: In boxes of: 30 Solodose packets... NDC 0041-0144-30. 
GeoiWarket Street. ^ 5. a be ee a pore sity 143-208/C0S-078 
San Francisco, Calif. 94104 


Cooper Laboratories, Inc.  . 
Wayne, New Jersey 07470 . 
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NOW... CLEP 
antihypertensive action JUN, 
at the vasomotor centers Sl 

in the brain s.s on anime! sues 


(clonidine 77^ s/M 
hydrochloride) ===>] |k 





Central action 


Catapres appears to lower 
blood pressure through 
central alpha-adrenergic 
stimulation, as shown in 
animal studies. This results 
in diminution — but not 
blocking — of sympathetic 
outflow from cardioaccelera- 
tor and vasoconstrictor 
centers in the medulla. 


Not a “depleter”, 
“blocker”, “inhibitor” or 
“false transmitter” 


Not a rauwolfia 
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Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 





Effective in hypertension; 
mild to severe 





Mild and infrequent orthostatic hypotension 





Normal hemodynamic responses to exercise 


are unaffected 





Renal blood flow and glomerular filtration rate 


essentially unchanged 





Mild to moderate potency 





The most common side effects are dry mouth, drowsiness and 
sedation. These generally tend to diminish with continued therapy. 
Other potential adverse reactions are listed in the Brief Summary. 


Catapres® (clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the 
treatment of hypertension. As an antihy- 
pertensive drug, Catapres (clonidine 
hydrochloride) is mild to moderate in 
potency. It may be employed in a general 
treatment program with a diuretic and/or 
other antihypertensive agents as needed 
for proper patient response. 


Warnings: Tolerance may develop in some 
patients necessitating a reevaluation of 
therapy. 

Usage in Pregnancy: In view of embryo- 
toxic findings in animals, and since infor- 
mation on possible adverse effects in 
pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended 
in women who are or may become preg- 
nant unless the potential benefits outweigh 
the potential risk to mother and fetus. 
Usage in Children: No clinical experience 
is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres 
(clonidine hydrochloride), reduce the dose 
gradually over 2 to 4 days to avoid a pos- 
sible rapid rise in blood pressure and 
associated subjective symptoms such as 
nervousness, agitation, and headache. 
Patients should be instructed not to dis- 
continue therapy without consulting their 
physician. Rare instances of hypertensive 
encephalopathy and death have been re- 
corded after cessation of clonidine hydro- 
chloride therapy. A causal relationship has 
not been established in these cases. It has 
been demonstrated that an excessive rise 
in blood pressure, should it occur, can be 
reversed by resumption of clonidine 
hydrochloride therapy or by intravenous 
phentolamine. Patients who engage in 
potentially hazardous activities, such as 
operating machinery or driving should be 
advised of the sedative effect. This drug 
may enhance the CNS-depressive effects 
of alcohol, barbiturates and other seda- 
tives. Like any other agent lowering blood 
pressure, clonidine hydrochloride should 
be used with caution in patients with severe 
coronary insufficiency, recent myocardial 
infarction, cerebrovascular disease or 
chronic renal failure. 

As an integral part of their overall long- 
term care, patients treated with Catapres 
(clonidine hydrochloride) should receive 
periodic eye examinations. While, except 
for some dryness of the eyes, no drug- 
related abnormal ophthalmologic findings 
have been recorded with Catapres, in 


several studies the drug produced a dose- 
dependent increase in the incidence and 
severity of spontaneously occurring retinal 
degeneration in albino rats treated for 

6 months or longer. 


Adverse Reactions: The most common 
reactions are dry mouth, drowsiness and 
sedation. Constipation, dizziness, head- 
ache, and fatigue have been reported. 
Generally these effects tend to diminish 
with continued therapy. The following re- 
actions have been associated with the drug, 
some of them rarely. (In some instances 
an exact causal relationship has not been 
established). These include: Anorexia, 
malaise, nausea, vomiting, parotid pain, 
mild transient abnormalities in liver func- 
tion tests; one report of possible drug- 
induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving 
clonidine hydrochloride, chlorthalidone 
and papaverine hydrochloride. 

Weight gain, transient elevation of blood 
glucose, or serum creatine phospho- 
kinase; congestive heart failure, Raynaud's 
phenomenon; vivid dreams or nightmares, 
insomnia, other behavioral changes, ner- 
vousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic 
edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash, 
impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or 
burning of the eyes, dryness of the nasal 
mucosa, pallor, gynecomastia, weakly 
positive Coombs' test, asymptomatic elec- 
trocardiographic abnormalities manifested 
as Wenckebach period or ventricular 
trigeminy. 


Overdosage: Profound hypotension, weak- 
ness, somnolence, diminished or absent 
reflexes and vomiting followed the acci- 
dental ingestion of Catapres (clonidine 
hydrochloride) by several children from 
19 months to 5 years of age. Gastric lavage 
and administration of an analeptic and 
vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals 
usually abolishes all effects of Catapres 
(clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of cloni- 
dine hydrochloride, is available as 0.1 mg 
(tan) and 0.2 mg (orange) oval, single- 
scored tablets in bottles of 100. 


For complete details, please see full 
prescribing information. 

Under license from 
Boehringer Ingelheim GmbH 





b 
"o * 


d 
"P, 


Thisisthe 
heart 


e a 


E 
" 


M y 


IT eS 
Godda T TFA 
rT? + 646684 


s poete 
Arop 
re verveseosere 
eevee eesoore í 
ZILDLIIZIIT. tosi 
déddedédeabédilll to. 
déédéd-éeséés44424lIITEM 
ZddéédééddddAlo iTi 
peet*enriri icol 
s etiétrt nn JTF 
Hoe MdsédédalllhtoRM 


OPOOFESS FEDER Obes os 
‘ee SH lal TOY 
Mu 4 


ibd. dl 
d @ es 
e 4 


BEEP ECG 


v 
verte 
ett aa ETERS: 
esed H4 tts 444. 
mese He ett ide. 
or n n g9 2010204949 s 
I dé44$ 554 G Oo B PM 
pi HI oroioDeeper* 
e IIT 
eterne IIPDITT PACER MONITOA 
> epot tt itto 
BIILIDILIABILILISTY 
PPAS LEIDES EEES, 
sere béesthdets. 
Fhteésssóooshtan 
ZIlrl hésdadMAITT 
iji o2li1.11077 
44114424112 OS oe 5. 
BELETTE totoo 
TITTET OE $4244 
"CCCP SPOS tbe 445 
déddébdAlil slt 
ARRAES FEET toee 
ébédéséséds2illl! 
Odééédesdéossiliti s 
dététH TAa ladRIIITTT T PM 1272944469 odtod 44. 
SdAXIlllrlr deéeddada2lt t tt eee > buenas eee E 
$*462t47*5Àhan: 4 #434... toes à 
qiero IT IEHTTEEEEEEETTETIT I 
e$ v. -—— Din IDOHHIBHBENHR 
dietntirr isl 245 $é4éRbaMALILITT TRO P 
12000999 1 2111 I béséédaAililllltill 
ZZAIILIIPITTM "a^ WP 4 e 


* 3$ AESILITI . P d 
TE EE EE EE 3 
1 


ih ZI 


ui mm T 


TIS 
= 1 


EREEELIILITT 
ÉSSSXlll 
* saa id * ITE 
. 1121096041115 leesenséda2llltl1tTt Tett ee 
IrlTrTEPTY "T $e -- P LA J = ! * " 
TAFET. , : , , 
ZA. ' 
EE LL LIS 
+ ID Ps ARLE Py 
tes ! f + 
X47: i 2d 2222022 è 
; tonsteg 
AE EIS i 
2.20 
LA 
‘sete 
Xl 


Tw 





$ *][e]eIzIs]9Izi Icc ; aNu 
CardioBeeper®-PM pacer monitor are 
unlike any heart monitoring instruments 
now in use. They re five ounces, pocket- 
sized and relatively inexpensive. Yet 
they are unparalleled in electronic so- 
phistication. The CardioBeeper monitors 
are engineered to permit'your coronary 
patient, within seconds, to telephonically 
transmit his heart rate and rhythm or 
ECG. And to allow your pacemaker 
patient to transmit pacemaker rate in- 
terval and artifact, as well as confirma- 
tion of battery integrity and ventricular 
capture. At any time. From any conven- 
tional telephone. If indicated, you are 
then able to institute immediate, often 


Pacemaker tracing te lephoned with 
CardioBeeper-PM. 


imin 8242 


Normal ECG tracing telephoned with 
CardioBeeper. 

The CardioBeeper system is simple 
to use. Your patient need not undress. 
Or be bothered with paste, gels or straps. 
He simply places a reusable electrode 
in each bare armpit. And to transmit, 
he merely holds the CardioBeeper 


monitor next to the mouthpiece of the 
phone while touching a button. Physici 
and patient stay in constant voice 
contact while sending and receiving. 


You can immediately receive the 
telephoned data as a series of audible 
"beeps indicating each QRS complex 
or pacemaker spike. To receive a per- 
manent record of ECG or pacemaker 
artifact, just connect a CardioBeeper® 
ECG Decoder to your telephone and to 
any conventional ECG machine. Or 
instead, connect a CardioBeeper* 
Decodalyzer to your phone to obtain a 
visual readout of heart rate or pace- 
maker rate in BPM, interval count in 
msec. or a direct ECG tracing for your 
records. 

In life-threatening emergencies 
or routine checks, no remote cardiac 
monitoring instruments available toda 
at any cost can rival the revolutionary 
CardioBeeper system. For further 
information, simply contact your Wyet 
representative or Wyeth Laboratories, 
Box 8299, Philadelphia, Pa. 19101. 


Manufactured for Wyeth Laboratories 
by Survival Technology, Inc. 


CordioBeeper- 


pacer monito 


CardioBeepe 


heart monito 


Wyeth Laboratorie 


Philadelphia, Pa. 19101 


Survival Technology, In 
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GE 

VASCULAR ROOM 
WITH LAD SYSTEM 

and interchangeable tops 


With the LAD system, you can perform all angiographic 
procedures in one room — even get the axial projection 





of the Left Anterior Descending coronary artery. | | 


GE's new LAD system gives you dedicated results 
without the need for a separate dedicated system. 
The unique design features an angulating tube and 
intensifier with detachable linkage, combined with a 
rotating patient cradle. As a result, LAD performs all 
standard vascular procedures plus dedicated 
coronary arteriography. You get the uncompromised 
image quality of the Fluoricon® 300, with cine and/or 
105 mm recording. And cradle top design minimizes 
filtration, enhancing film clarity. 


Versatility — One room handles all procedures, 
including visceral, peripheral, cardiological and 
neurological exams. LAD even allows biplane oblique 
ventriculography, not possible with a U-arm. 


Economy — Minimum investment, maximum 
capability. LAD can be installed at a fraction of the 
.. cost of a cumbersome U-arm. LAD attaches to 
conventional vascular equipment, minimizing 
space needs. 


Rigidity — Minimal overhang of LAD system avoids 
the "tuning fork" shake of U-arms. LAD retains the 
rigidity of a classical vascular system. 


Positioning ease — Tube and intensifier angulation 
are automatically synchronized. Just pull the 
intensifier forward and it automatically angulates to 
the desired projection. Film changers remain in 
position for cine and large film recording. No 
undesirable repositioning of equipment or patient. 
Easy patient accessibility in case of emergency. 


Operator safety — Minimized radiation, with primary 
beam shielded by lead-lined table base. 


Find out how the LAD system can give your GE 
vascular procedures room total angiographic 
capability at minimum cost. Talk to your 

GE representative. 


General Electric Medical Systems, 
Milwaukee, Toronto, Madrid. 


LAD system gives you 
a lot of room. 
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predictable patient response... 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
has developed. 

Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 


Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 


Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those: occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCl = 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 


_ infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% dextrose in water given over the 


course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 
LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 
0.5 mg. (green) scored, in bottles of 100 and 1,000. 






| Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome / North Carolina 27709 
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Early Risks of Open Heart Surgery for Mitral Valve Disease 


AZA| APPELBAUM, MD During 1972 and 1973, a total of 235 patients had open heart surgery a 
NICHOLAS T. KOUCHOUKOS, MD, for mitral valve disease unassociated with significant aortic or rheu- 
FACC matic tricuspid valve disease. Thirty-one underwent closed heart mitral 
EUGENE H. BLACKSTONE, MD commissurotomy, without mortality. Of the 204 patients undergoing 
JOHN W. KIRKLIN, MD, FACC open operation, 125 had sequential measurement of cardiac output 
Birmingham, Alabama and mixed venous oxygen pressure. The hospital mortality rate was 


6.4 percent in the larger group of 204 patients and in the 125 with car- - 
diac output measurements. The rate was greater in those with class IV 
disability (New York Heart Association criteria) preoperatively than in — 
those with class Ill or Il disability. The mean + standard deviation of © 
the average cardiac index early postoperatively was 2.05 + 0.579 li- - 
ters:min **m ?. Cardiac index was lower in the patients who died — 
early postoperatively than in those who did not. The probability of hos- — 
pita! death was a significant function of cardiac index. The predicted 
probability of death was 10 percent with an average cardiac index of 
1.42 litersemin~ «m^? and increased sharply with lower indexes. Car- - 
diac index was lower early postoperatively than preoperatively, and - 
was lower in patients in class IV than in those in class Ill. There was 
no significant difference in cardiac index between patients with mitral | 
valve replacement and those with repair. A history of closed commis- 
surotomy, age, duration of cardiopulmonary bypass, duration of cardi- - 
ac ischemia and method of myocardial preservation did not signifi- - 
cantly influence cardiac index or hospital mortality rate. There was no - 
significant relation between mixed venous oxygen pressure and hospi- 
tal death. Further improvement in results of mitral valve surgery re- - 
quires adequate preservation of left ventricular performance before, 
during and after operation. 


From the Department of Surgery, The Universi- 
ty of Alabama Medical School and Medical 
Center, and the Veterans Administration Hospi- 


U Aa XAR. Thi Sly was supported The results of mitral valve surgery are described by the long- term . 


in part by Program Project Grant HL 11,310 survival rate after operation and the functional result in surviving pa- — 
from the National Heart and Lung Institute, Na- tients. Long-term survival rates are significantly affected by the hos- — 
tional putes 3 aa. ahonda, Md. Manu- pital mortality rates. We have reviewed our recent experience to de- | 
script accepted May 21, 1975. termine th | 
Address for reprints: Johri W. Kickin, MD, De- é : seats early risks ce valve surgery. We have 
partment of Surgery, University Station, Bir- stressed the early postoperative hemodynamic state since most 


mingham, Ala. 35294. deaths were found to be a result of inadequate cardiac performance. 
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Patients With Patients With 
Patients With MS Patients With MI MS * MI MS * MI * TI 
—————————— a - Total 
Total no. Who Total no. Who Total no. Who Total 
no. Died no. Died no. Died no. no. Who Died no. no. Who Died 
d OU nnstirotamy 23 0(0%) Mod No 23 0(0%) 
. Repair D d | ^A 8 0(0%) M mY 8 0(0%) 
Mitral valve replacement 41 1(2.4%) 69 5(7.2%) 55 4(7.3%) S e. 165 10(6.1%) 
3 Mitral and tricuspid v A ie A DeL f co 8 3(37.5%) 8 3(37.5%) 
Don valve replacement 
1(1.6%) 77 5(6.5%) 55 4(7.3%) 8 3(37.5%) 204 13(6.4%) 


^. Total 64 


— MI = mitral incompetence; MS = mitral stenosis; TI = 


Material and Methods 


. Case material: During the years 1972 and 1973, a total 
Sr. ae 235 patients were operated on at the University of Ala- 
-bama Hospital in Birmingham for mitral valve disease un- 
i associated with significant aortic or rheumatic tricuspid 
2 -valve disease. Patients with tricuspid incompetence consid- 
tum ‘ered to be secondary to the hemodynamic effects of their 
C mitral valve disease were not excluded. Two hundred four 
E: patients had open heart surgery, and 31 underwent closed 
mitral commissurotomy. There were no deaths among the 
.. patients with closed commissurotomy, and we will not dis- 
cuss this group further. Among the 204 patients having an 
Be open operation, there were 123 women and 81 men with an 
_ average age of 49 years (range 8 to 78). Sixty-four patients 
_ had mitral stenosis, 77 mitral incompetence and 55 com- 
E bined mitral stenosis and incompetence. Eight patients had 









T 


severe secondary tricuspid incompetence. One hundred 
d forty- nine patients had rheumatic valvular disease, 31 had 
b rupture of chordae tendineae, 17 had “floppy” valve and 7 
— had valvular lesions secondary to bacterial endocarditis as 
- determined by the history and examination of the valve at 
f the time of operation. Thirty-five patients had one or more 
_ previous mitral commissurotomies. Preoperatively, 7 pa- 
" tients (3.4 percent) were in functional class II (New York 
- Heart Association classification), 152 (74.5 percent) were in 
— class III and 45 (22.1 percent) in class IV. Among the 173 
_ patients who had valve replacement, 113 had a Starr-Ed- 
_ wards composite seat prosthesis, 44 a Braunwald-Cutter 
_ prosthesis and 16 a Bjork-Shiley prosthesis (Table I). 
~ One hundred twenty-five of the 204 patients had sequen- 
E tial measurements of cardiac output and mixed venous 
- oxygen pressure in the first 24 to 72 hours postoperatively. 
- Thirty-one of these patients had mitral stenosis, 53 mitral 
- incompetence and 37 combined mitral stenosis and incom- 
. petence. Four of the patients in this group had severe sec- 
{ ondary tricuspid incompetence. The distribution of the 








‘TABLE II 


A Functional Class and Operative Mortality in 204 Patients 





D Total 
"Functional Total Patients Hospital Deaths 
2 Class NG TS Be a £7 CONT Re APER 710. 

— (NYHA) no. % no. % 
lI 7 3.4 0 0 
I 152 74.5 2 1.3 
IV 45 22.1 11 24.4 
Total 204 100 13 6.4 





TWh. AIL. bes af PARMINI AAN 





tricuspid incompetence severe enough to warrant intervention on tricuspid valve. 


type of valvular lesion did not differ significantly in these 
125 patients from that in the total group of 204 (P = 0.6) or 
in the remaining 79 (P = 0.06). Eighty-nine patients had 
rheumatic valvular disease, 21 had rupture of chordae ten- 
dineae, 9 had a “floppy” valve without evidence of rup- 
tured chordae and 6 had lesions caused by bacterial endo- 
carditis. Six patients (4.8 percent) were in functional class 
II preoperatively, 91 (72.8 percent) in class III and 28 (22.4 
percent) in class IV. Twenty-four of these patients had a 
closed mitral commissurotomy 4 to 15 years before opera- 
tion, and one had plication of the posterior leaflet of the 
mitral valve 1 year preoperatively. Sixty-two of these 125 
patients had cardiac catheterization before operation. Sys- 
tolic pulmonary arterial pressure was between 50 and 70 
mm Hg in 16 of these and 70 mm Hg or greater in 17. 
Operative protocol: During the 2 year period, two types 
of myocardial preservation were used. In 90 patients the 
operation was performed with profound cooling to a myo- 
cardial temperature of about 22?C by the perfusate and 
one period of ischemic arrest produced by clamping the 
aorta; the body temperature was 28? C. The total cardio- 
pulmonary bypass time ranged from 33 to 95 minutes 
(mean 56). The duration of ischemic arrest ranged from 23 
to 45 minutes (mean 32). In 35 patients the operation was 
performed with moderate cardiac hypothermia (32? C) and 


intermittent ischemic arrest for two to three periods of ap- 


proximately 15 minutes sepafated by 3 minute periods of 
coronary perfusion. The ventricles were kept beating (not 
fibrillating) during the periods of coronary perfusion. Car- 
diopulmonary bypass time.ranged from 45 to 111 minutes 
(mean 65), and the total ischemic time ranged from 25 to 
57 minutes (mean 36). | 
Ten of the 125 patients had mitral commissurotomy, 1 
mitral plication and anuloplasty, 110 mitral valve replace- 
ment and 4 tricuspid valve replacement in addition to re- 
placement of the mitral valve. Among the 114 patients who 
had valve replacement, a Starr-Edwards composite seat 
prosthesis was used in 82 patients, a Braunwald-Cutter 
prosthesis in 22 and a Bjork-Shiley prosthesis in 10. - 
Postoperative protocol: Postoperatively, left atrial, 
right atrial and radial arterial pressures were routinely 
measured. In some patients pulmonary arterial pressure 
was also measured. Blood was infused to keep the mean left 
atrial pressure at about 14 mm Hg (pressure in the right 
atrium was usually less than in the left). All patients with 
systemic arterial hypertension early postoperatively were 
given drugs to reduce arterial blood pressure. Patients with 
tachyarrhythmias were treated appropriately. Fifty pa- 
tients received digoxin early postoperatively to treat a 
rapid ventricular response to atrial fibrillation. Sixty-two 
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patients received catecholamine support, generally for “low _ 
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TABLE III 


Operative Procedure and Mortality in 125 Patients With Early Postoperative Cardiac Output Data 
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Patients With MS Patients With MI MS * MI MS * MI * TI Total 

Total no. Who Total no. Who Total no. Who Total no. Who no. Who 

no. Died no. Died no. Died no. Died no. Died 
Commissurotomy 10 0(0%) oe? D 10 0(0%) av 
Repair. ^is = att 1 0(0%) T uM 52 TES 1 0(0%) 6 
Mitral valve 21 1(4.8%) 52 4(7.7%) 37 2(5.4%) eA ret, 110 7(6.496) "1 
replacement $73 
Mitral and tricuspid 4 1(25.0%) 4 1(25.0%) -= 
valve replacement = 
Total 31 1(3.2%) 53 4(7.6%) 37 2(5.4%) 4 1(25.0%) 125 8(6.4%) A 





MI = mitral incompetence; MS = mitral stenosis; TI = tricuspid incompetence. a 


cardiac output." Eighty percent of the patients had as- 
sisted ventilation with a volume-controlled ventilator for at 
least 20 hours after operation. 

Hemodynamic measurements: Cardiac output was de- 
termined by indicator-dilution technique, using in each in- 
stance the mean of duplicate or triplicate measurements. 
One milliliter of indicator solution (5 mg) was injected rap- 
idly by hand through the catheter into the right atrium. 
Blood was simultaneously withdrawn at a rate of 7.64 ml/ 
min from the pulmonary arterial catheter through a Waters 
cuvette densitometer (no. G250) by a constant-rate pump 


(model 901, Harvard Apparatus). Five to 7 ml of blood was ` 


withdrawn for each indicator-dilution curve, and the blood 
was not reinfused. Cardiac output calculations were per- 
formed on a digital computer using the adaptation of the 
Stewart-Hamilton formula devised by Sekelj et al.! Cardiac 
output data were normalized by body surface area and ex- 
pressed as cardiac index. Mixed venous blood samples were 
obtained from the pulmonary arterial or right atrial cathe- 
ter in heparinized syringes and analyzed on automated 
assemblies (models 313 and 182, Instrumentation Labora- 
tories, Inc.) for pH, partial pressure of oxygen (PO;) and 
hemoglobin and oxygen saturation. The first cardiac out- 
put measurement was obtained within 3 hours of the pa- 
tient's arrival in the cardiac intensive care unit and there- 
after usually every 4 to 6 hours for the first 24 to 72 hours, 
depending on the patient's condition. In a few patients only 
a single measurement was obtained, generally because of a 
highly satisfactory hemodynamic state. 

Statistical analysis: This study was a retrospective one, 
made by reviewing in detail the hospital records of each pa- 
tient. The hemodynamic data were analyzed for means and 
standard deviations. The relation between the preoperative 
cardiac index (obtained at cardiac catheterization by the 
Fick method) and the average postoperative cardiac index 
was determined by regression analysis. A paired t test was 
also employed to yield the average difference and its 
change between pre- and postoperative measurements. The 
interrelation of simultaneously measured cardiac index and 
mixed venous oxygen pressure was determined by weighted 
least squares regression in which the number of observa- 
tions taken was used to weight the average overall observa- 
tions in a given patient. Probability (P) of hospital death in 
relation to average postoperative cardiac index (CI) was 
generated by nonlinear weighted least squares fitting of the 
logistic model?: 

P(Death|CI) = 1/(1 + e?) 
where z = —a — b(In CI); e = base of natural logarithm; a = 


intercept; and b = regression coefficient on the natural log- 
arithm (In) of CI. 


The average value of all postoperative measurements of -i 
cardiac index for each patient was used and each value 
weighted by the factor [P-(1 — P)]-!. Test of the regression - 
coefficient b for significance was performed using the t test | 
for which the ratio of b to its standard deviation was used — 
as t. A chi-square test for lack of fit of the model was per- 
formed. Factors influencing the level of postoperative car- — 
diac output were investigated by multiple stepwise linear 4 
regression. Risk factors influencing hospital mortality | 
were studied by multiple nonlinear regression to the log- < 
istic model presented for cardiac index. DAN 


Results 
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Hospital mortality: The hospital mortality rate in — 
the total group of 204 patients was 6.4 percent (Table » 
I). This rate was significantly higher in patients with — 
class IV disability than in those with class III disabil- 
ity (P «0.00001) (Table II). All 13 deaths were con- g 
sidered to be the result of inadequate cardiac perfor- ; 
mance. Two patients died in the operating room, and - 
1 died later on the day of operation. One died on the - 
first postoperative day and 4 on the second postoper- - 
ative day. One of these had acute renal failure, pre- 
sumably secondary to the low cardiac output, as did . 
two other patients who died 13 and 21 days, respec- - 
tively, after operation having had low cardiac output | j 
since operation. The other three patients died on the 
14th, 18th and 32nd postoperative days, respectively, 
after a course characterized throughout by low cardi- © 
ac output. 

The hospital mortality rate in the group of 125 pa- T 
tients in whom cardiac output was measured was also | 
6.4 percent (Table III). Seven of the eight patients | 


TABLE IV | i 








Functional Class and Hospital Mortality in 125 Patients | 

With Early Postoperative Cardiac Output Data E 

Functional Total Patients Hospital Deaths = 

Class ———— MÀ Saks ae OR 

(NYHA) no. 96 no. % : 93 

: 

HI 6 4.8 0 0 3 

I 91 72.8 1 1.159 

IV 28 22.4 7 25:0. ^ 
Total 125 100 8* 6.4 


*See Table V for analysis of these eight cases. 
NYHA = New York Heart Association classification. A, 
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3 y en ri pinos (Table An this dép 25. 0 percent of 
the patients in class IV in this group of 125. These 
seven patients. had severe mitral incompetence, one 

| of them with severe secondary tricuspid valve incom- 

| petence as well. The eighth patient, 1 of 91 patients 

i in class III preoperatively, had severe, long-standing 

1 calcific mitral stenosis and had previously undergone 

two closed mitral commissurotomies. All eight pa- 

tients died from low cardiac output, four of them 

within 48 hours after operation and the others later 

| WE Ks >, 1.4... 7 from sequelae of low cardiac output, including renal 
“pet DCN E VANUS VERGIL. insufficiency (Table V). 

CARDIAC INDEX ss Except for preoperative functional class and post- 


e _ FIGURE ^ Cumulative distribution of mean cardiac PEN for all operative cardiac performance (see later), we found 
.. 125 patients with such measurements early postoperatively (solid 


7 dine) and for the B who died in the hospital (dashed line). The verti- no factor that significantly influenced hospital mor- 
| - cal axis represents the percent of patients whose cardiac index was tality although age, mitral valve lesion, duration of 
- less than or equal to the value on the horizontal axis. cardiopulmonary bypass, duration of cardiac isch- 
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FIGURE 2. Prediction of hospital death from the average cardiac 
index (liters-min" '«m^?). z = 1.49 + 2.00 + (standard deviation) 
1.000 (In cardiac index); P for coefficient «0.05. The chi-square test 
for lack of fit of the model was not significant (x?(123) = 113.25; P 
20.45). 


emia, method of myocardial preservation and history 
of closed mitral commissurotomy were analyzed. 

Cardiac index and its determinants: The distri- 
bution of the average of all measurements of cardiac 
index early postoperatively for all 125 patients is 
shown in Table VI and Figure 1. The mean + stan- 
dard deviation of the average cardiac index was 2.05 
+ 0.579 liters-min^!-m"?. There was no mortality in 
patients with an average cardiac index greater than 
2.4. 'The cardiac index was significantly lower in the 
eight patients who died in the hospital than in those 
who survived the early postoperative period (1.66 + 
0.447 versus 2.08 + 0.570, P < 0.005). 

The probability of hospital death as a continuous 
function of average cardiac index is shown in Figure 
2. At an average cardiac index of 1.42 liters-min" '- 
m^?, the predicted probability of hospital death was 
10 percent. Below this level, the probability of death 
increased sharply; above it, the probability gradually 
decreased. 

Average cardiac index was significantly lower early 
postoperatively than that obtained preoperatively at 
cardiac catheterization by the Fick method in the 62 
patients with such measurements (2.10 + 0.623 ver- 
sus 2.42 + 0.630; mean difference + standard error = 
—0.313 + 0.0853, P <0.0005). Preoperative cardiac 
index as a predictor of average postoperative cardiac 
index is shown in Figure 3. Patients with a higher 
preoperative cardiac index had a relatively greater 
reduction in average postoperative cardiac index 
than those with a lower index preoperatively. Table 
VII shows preoperative cardiac indexes and hospital 
mortality. 
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PREOPERRTIVE CRRDIRC INDEX 
FIGURE 3. Postoperative average cardiac index (liters-min" '- fe 
predicted from the preoperative Fick cardiac index in 62 patients. — 
Regression equation is 1.09 + 0.421 + (standard deviation) 0.1156 - 
(preoperative cardiac index); P «0.001; standard error of estimate is — 
0.569; r = 0.426. Also shown is the 95 percent confidence interval - i 
for an individual new observation (dotted outer lines) and the 95 - 
percent confidence interval of the slope of the regression line (inner - 
dotted lines). Survivors are indicated by crosses and penante who 
died in the hospital by circles. 
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The mean postoperative cardiac index was lower in 
patients in functional class IV than in those in class. 
III (1.78 + 0.549, no. = 28 versus 2.13 + 0.573, no. = 
91; P «0.01). The mean preoperative cardiac index - 
for patients in class IV was also significantly lower 
than for those in class III (2.01 + 0.647, no. = 12 ver- 
sus 2.50 + 0.581, no. = 48; P «0.05). bí patients with- 
both measurements, there was no significant differ- 
ence between functional classes in the percent reduc- | 
tion of cardiac index postoperatively (19 percent E 
class IV and 13 percent in class III). 

Postoperatively, the cardiac index by groups was: 
2.11 + 0.510 (no. = 31) for patients with mitral steno- 
sis, 2.17 + 0.600 (no. = 53) for those with mitral indi 
competence, and 1.88 + 0.608 (no. = 37) for those 
with combined stenosis and incompetence. The re- 
duction in cardiac index from that preoperatively was 
not significant for those with stenosis (P >0.1), ap- 
proached significance for those with incompetence (P 
<0.06) and was significant for those with combined 
stenosis and incompetence (P 40.02). These data. 
represent an unpaired t test since the number ob, 
paired results was small. 

Thirty-one patients had repair of either a stonotiel 
or incompetent mitral valve, without valve replace- 
ment. No hospital deaths occurred in this group. One 
of the 31 was preoperatively in functional class IV; 27. 
were in class III. The mean cardiac index early post- 
operatively among the eight patients in this group x 
class III who had this study was 2.56 + 0. 893 com- 
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“TABLE vil aa 
| Preoperative Cardiac Index and Hospital Mortality i in 62 Patients 




















1 0 2 1 3 

1 0 5 0 0 

5 0 8 2 2 

3 0 7 0 5 

3 0 8 0 5 

13 0 30 3 15 

Cl = cardiac index (liters-min™'-m~?); Hosp. = hospital; MI = mitral 


D S pared with 2.09 + 0.521 in patients in class III having 
| » valve replacement (difference insignificant, P «0.2). 
E Twenty-four of the 35 patients with a previous 
gi - closed. mitral commissurotomy had postoperative 
cardiac index measurements; the data did not differ 
_ significantly from those of the remaining 101 pa- 
y _ tients. Other factors that did not significantly influ- 
. ence postoperative cardiac index included age, dura- 
. tion of cardiopulmonary bypass, duration of cardiac 
i schemia (within the limits used in this study) and 
the method of myocardial preservation. Preoperative 
^g systolic pulmonary arterial pressure was significant- 
$ ly, although weakly, negatively correlated with cardi- 
u ae index postoperatively (r = —0.284) in the 60 pa- 
tients with such measurements. 
. Mixed venous oxygen pressure: The distribution 
ot average mixed venous oxygen pressure for the 53 
- patients with such measurements is shown in Figure 
4 and Table VIII. The mean of the average mixed ve- 
. nous oxygen pressure was 34.5 + 4.80 (standard de- 
` viation) mm Hg. There were no deaths in patients 
- who had an average pressure greater than 32 mm Hg; 
. however, a significant relation of mixed venous oxy- 
D gen pressure to hospital mortality could not be 
‘a - found. ‘The pressure was significantly lower in the 
four patients who died in the hospital than in survi- 
2 vors (29.9 + 1.83 versus 34.9 + 4.78, P <0.005). 
. Mixed venous oxygen pressure was a poor predictor 
1 of the simultaneously determined cardiac index in 51 
p (Fig. 5). 
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Mitral Stenosis. Mitral Incompetence MS + MI MS + MI + TI Total 

Hosp. Hosp. Hosp. Hosp. Hosp 
Patients Deaths Patients Deaths Patients Deaths Patients Deaths Patients Deaths 

(no.) (no.) (no.) (no.) (no.) (no.) (no.) (no.) (no.) (no.) 


1 0 0 6 2(33.3%) 
0 1 0 7 0 l 

0 3 1 18 3(16.7%) 
0 0 0 15 0 

0 0 0 16 0 

1 4 1 62 5 


incompetence; MS = mitral stenosis; TI = tricuspid incompetence. 


Myocardial preservation: There was no statisti- 
cally significant difference in postoperative cardiac 
index, hospital mortality or use of catecholamines 
postoperatively between the patients who had pro- 
found cardiac cooling with a single period of ischemic 
arrest and those who had intermittent aortic cross- 
clamping (Table IX). 

Postoperative myocardial support: Sixty-two 
patients (49.6 percent) had catecholamine support in 
the early postoperative period with a significant (P 
<0.000002) improvement of cardiac index (Table X). 
Despite the improvement, cardiac index was still sig- 
nificantly (P <0.05) lower in this group, even 24 
hours postoperatively, than in patients who did not 
receive such support. 


Discussion 


The patients operated on during the 2 year period 
are representative of the spectrum of patients under- 
going mitral valve surgery. The 125 patients whose 
cardiac output was measured appear to be represen- 
tative of the group as a whale. No patient seen by us 
was denied operation because of the severity of heart 
disease. Some of our intraoperative and postopera- 
tive methods have changed since these patients were 
operated on. 

Other studies*® of early mortality after mitral 
valve surgery have indicated improved results in re- 
cent years. Our overall early (hospital) mortality rate 








gm Mitral Stenosis Mitral Incompetence MS * MI MS * MI * TI 

Era ROPA UK, t Total 

E. : Hosp. Hosp. Hosp. Hosp. 

EÉ- Patients Deaths Patients Deaths Patients Deaths Patients Deaths Patients Deaths 
5 r P30, (no.) (no.) (no.) (no.) (no.) (no.) (no.) (no.) (no.) (no.) 
UGA , 

it. 26 «30 1 0 4 1 3 0 0 0 8 1(12.5%) 
p 30 < 35 2 1 9 1 7 O0 2 1 20 3(15.0%) 
Wa 35 «40 6 0 8 0 2 0 0 0 16 0 

COMES TEN 5 0 2 0 1 0 0 0 8 0 

Ex Total 14 1 23 2 13 0 2 1 52 4 





Y * Mean of all measurement during the first 72 hours after operation. 
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Hosp. = Hospital; MI 
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mitral incompetence; MS = mitral stenosis; P0, = mixed venous oxygen pressure (mm Hg); TI = tricuspid. incom- 
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TABLE IX 


Operative Technique for Myocardial Preservation 
in 125 Cases 





Patients With 





Patients Catecholamine 
Who Died Support 
.no. % no. % Mean Cl 

Profound hypothermic 

ischemic arrest 

(90 patients) 4 44% 42 46.7% 2.08+0.591 
Intermittent ischemic 

arrest (32°C) 

(35 patients) 4 11.4% 42 57.1% 1.96+ 0.553 
Significance P »0.1 P »0.3 P »0.3 





i 


Cl = cardiac index (liters:min™':m7~?) (mean + standard deviation). 


of 6.4 percent is representative of what can be accom- 
plished today. 

The causes of early death have changed in recent 
years.” No death in our series resulted from evident 
technical errors or obvious errors in postoperative 
management. The apparent direct relation between 
all deaths and inadequate cardiac performance indi- 
cates the need for close scrutiny of the cardiac status 
of the patients before, during and after operation. 


Functional Class and Operative Risk 


Advanced (class IV) disability preoperatively in- 
creased the risk of early postoperative death in this 
series, and others have noted the same rela- 
tion.47-10.11 Class IV disability is probably primarily a 
result of advanced depression and loss of reserve of 
left ventricular performance, which in turn probably 
contributes to poor cardiac performance and early 
postoperative death. Allen et al.!? and Levine et al.!? 
have shown that patients in class IV also have a high- 
er late death rate than patients in other classes. Ap- 
parently, in at least some,patients, poor preoperative 
left ventricular performance persists to a sufficient 
degree late postoperatively to cause morbidity or 
death in spite of improved valve function. 
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25 30 35 40 45 50 
P.O, 
FIGURE 4. Cumulative distribution of mean mixed venous oxygen 
pressure (P,O») in 52 patients (solid line) and in the 4 patients who 


. died (dashed line). 
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Effectiveness of Postoperative Catecholamine Support | M" 
As Measured by Cardiac Index in 125 Patients* By 





Before Support During Support After Support + 
or 1—6 Hourst or 6—18 Hourst or >18 Hourst 





Patients with 1.514 0.373 1.91*0.547  Á 2.030401 © 
support (no. = 53) (no. = 62) (no.=23)  . 
Patients without 2.28 * 0.753 2.25 * 0.563 2.37 + 0.548 © 
support (no. = 41) (no. = 34) (no. = 20) E 





*Cardiac index measurements expressed as literssmin "m"? (mean - 
* standard deviation). 


t Time after operation for patients without catecholamine support. - 
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We conclude, as have others,* that the worsening 
of left ventricular performance, with its deleterious - 
effect on early and late mortality, that accompanies — 
and probably causes the transition to class IV from - 
class III of patients with mitral valve disease is an in- — 
dication for valve surgery before class IV status is 
reached. However, advancement to class IV canna j 
be considered a contraindication to operation, al- - 
though both the early and late postoperative risks are _ 
increased. 5 
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Cardiac Output and Performance and Operative Risk 


The lower the cardiac index during the early post- ? 
operative period, the greater was the probability that . 
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MIXED VENOUS P0O2 | 
FIGURE 5. Cardiac index predicted by mixed venous oxygen pres- - 5) 
sure in 51 patients. Weighted regression equation is —0.192 + H 
0.0649 + (standard deviation) 0.01279-[PyO2]; P «0.00001; 
weighted standard error of the estimate is 0.832; weighted r — a 
0.587. The outermost dashed lines represent the 95 percent confi- 
dence interval for a new prediction of cardiac index from a single - 1 
observation of mixed venous oxygen pressure. The inner dashed . 
lines represent the 95 percent confidence interval for the prediction — 
of an average cardiac index given 3.7 observations (the average - d 
number of observations per patient). Survivors are indicated by. 
crosses fe patients who died in the hospital by circles. 
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_ cord with the earlier observations of Rastelli and 
ay. Kirklin!“ and Litwak et al.” Intervention with cate- 
_ cholamines did increase cardiac output in most pa- 
a - tients. This, plus the shape of the curve relating car- 
^. diac output and probability of death (Fig. 2), indi- 
_ cates the wisdom of initiating treatment with cate- 
. cholamines when, with standard interventions, the 
cardiac index is less than 1.7 early postoperatively. 
_ Those who do not survive are probably those whose 
= cardiac index cannot be elevated by catecholamine 
^ support or maintained at an elevated level after dis- 
. continuation of catecholamine support. 









_ The average cardiac index early postoperatively 
-. was significantly lower than that preoperatively, as 


E observed earlier by Rastelli and Kirklin.!4 This find- 
- ing strongly suggests that events in the operating 
3 room have a deleterious effect on cardiac perfor- 
"mance early postoperatively. The lack of any demon- 
— strable difference between the patients operated 
TS upon with short periods of aortic cross-clamping and 
. a beating heart at 32? C and those with a single isch- 
emic period (averaging 32 minutes) after profound 
cardiac cooling suggests that neither method has an 
. advantage over the other in this regard. Sapsford et 
al. reported similar findings in patients undergoing 
aortic valve replacement. Our data did not demon- 
- strate the supposed deleterious effects on left ven- 
^ tricular afterload, and thus performance, of convert- 
E ing the incompetent mitral valve to a competent one. 
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- They also did not support the suspicion that in itself 
-— insertion of a prosthetic mitral valve (rather than re- 
E pair of the natural valve) impairs left ventricular per- 
E formance; the latter was also not supported by the 
- earlier clinical studies of Rouleau et al.!® or the ani- 
- mal studies of Rastelli et a1.!7!9 Probably the most 
[, important contributor to the early postoperative re- 
_ duction in cardiac output is diffuse myocardial dam- 
_ age by the present techniques of cardiopulmonary 
_ bypass, superimposed on a heart that has already lost 
- much of its myocardial reserve. The data of Sapsford 
- et al./^ and of Oldham et al.!9 suggest that at least 
LY some degree of myocardial necrosis develops in about 


. . T5 percent of patients operated on by this technique. 
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E patients would die in the hospital, a finding in ac- 
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Such damage may also contribute to morbidity and 
mortality late postoperatively. 


Mixed Venous Oxygen Pressure and Operative Risk 


The lack of a significant relation between mixed 
venous oxygen pressure and probability of death is at 
first glance surprising, and is quite in contrast to the 
significant relation found by us after intracardiac op- 
erations in infants and small children less than 4 
years old.?? The poor relation of mixed venous oxy- 
gen pressure to cardiac index found in the patients - 
undergoing mitral valve replacement, with mixed ve- 
nous oxygen pressure values tending to remain high 
when cardiac output value was low, suggests that 
oxygen consumption was decreased in patients with 
decreased cardiac output. We presume this is the re- - 
sult of autoregulation, with relative preservation of 
coronary blood flow and reduction (by closure of 
areas of its microcirculation and thereby reduction of 
oxygen consumption) of blood flow through skin, 
skeletal muscle, kidneys and the splanchnic bed. This 
autoregulation could have prevented or delayed 
death from acute cardiac failure but set the back- 
ground for later death from renal failure, bowel isch- 
emia, and other conditions. From our previous 
study,” we suspect that such autoregulation does not 
occur in infants. 


Clinical Implications 


Further improvements in the overall results of mi- 
tral valve surgery will probably require operation be- 
fore the patient has reached class IV disability, new 
knowledge to minimize myocardial damage during 
cardiopulmonary bypass, use of reconstructive (rath- 
er than replacement) operations when they can re- 
store long-lasting good valvular function, and con- 
tinuing improvement in the devices used for valve re- 
placement. 
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"Risk of Death Related to Coronary Arteriography: 
- Role of Left Coronary Arterial Lesions 





. STEVEN WOLFSON, MD, FACC Seven deaths occurred within 5 days after study in 800 consecutive 
- DAVID GRANT, MD patients undergoing arteriography. All seven patients had severe angi- 
_ ALLAN M. ROSS, MD nal symptoms at rest or with minimal exertion, and all hazi extensive 
_ LAWRENCE S. COHEN, MD, FACC coronary artery disease. Four had left main coronary artery disease, 
[ MAU kavon, Connecticut and three had hemodynamically equivalent lesions involving both the 
5 proximal left anterior descending and circumflex branches. It is postu- 
i : lated that these deaths are due to a stress imposed upon patients in 
Be: unstable condition with a particularly extensive myocardial perfusion 
m T deficit. 
E : 
bets : Selective catheterization of the coronary arteries for cineangiography 
Y | was developed almost 20 years ago.! The most common complication, 
Nx ! ventricular fibrillation, was at first treated by open chest cardiac 
E. massage and had a high mortality rate. When closed chest massage 
E and external defibrillation were substituted, almost no mortality was 
Ki | traceable to this arrhythmia. Subsequent discussions of mortality re- 


DEF 


lated to coronary arteriography have primarily focused on (1) techni- 
cal errors,?? (2) comparison of the percutaneous femoral and brachial 
arteriotomy approaches,* and (3) experience of the catheterization — 
laboratory.9 

The patient's antecedent clinical status has also been linked to 
catheterization-related mortality. Chahine et al.? pointed out that the 
deaths in their laboratory occurred in *very ill patients" with exten- 
sive three vessel coronary disease who were being considered for sa- 
phenous vein bypass graft surgery. Two important studies’? impli- 
cated left main coronary artery disease "in catheterization-related 
death, although others? found the relation less strong. Hildner et al.!° 
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Pa observed that a large number of deaths occurred in the 48 hours b 
E fore a scheduled catheterization and in the 24 hours after a scheduled 
ae but unperformed catheterization. This finding suggests that patients 
3 considered for coronary arteriography are at a stage of their natural 
E history when they are at higa risk of dying. 
e These data formed the background for a study of the clinical pre- 
E sentation and coronary arterial anatomy of patients whose deaths 
jd were temporally related to coronary arteriography. 
ow Materials and Methods 
s From September 1970 through September 1973, there were 800 adult pa- 
Pm tients who underwent cardiac catheterization with coronary arteriography at 
.— From the Cardiology Section, Yale University the Yale-New Haven Medical Center. The indications for coronary arteriog- 
«A School of Medicine, New Haven, Conn. This raphy were: (1) angina pectoris in patients considered surgical candidates, (2) 
-study was supported in part by Grant-in-Aid 493 acquired or congenital heart disease in patients undergoing evaluation for 
t. from the Connecticut Heart Association, New open heart surgery, or (3) (rarely) chest pain of unclear origin. 
e Scd Voc Menuoctipi-aeocepted. une Tt, "Catheterization-related " death was defined as death that (1) occurred i 
Ra cud fo reprints: Steven. Wolfson, MD, during the procedure or (2) was related to a significant complication taking a 
-FACC, “Cardiology Section, Yale University place within 5 days of the procedure. Two patients who were clearly in extre- N 
- School of Medicine, 333 Cedar St., New Haven, mis, with shock, anuria, coma and congestive heart failure before the proce- 
Conn. 06510. dure, died soon afterward during cardiac surgery. These patients were ex- 
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cluded from consideration. “Catheterization-related” myo- 
cardial infarction was diagnosed in any surviving patient 
who had at least two of the three following stigmata of 


 . myocardial infarction: prolonged chest pain, electrocardio- 


graphic changes compatible with infarction or serum en- 
zyme elevations within 5 days of the procedure. 

Most catheterization studies were performed by the bra- 
chial arterial technique. If a tortuous ascending aorta or 
abnormal aortic root made this approach impossible, the 
femoral percutaneous approach was used. Of the 800 pa- 
tients, 89 percent were studied by the brachial approach, 5 
percent by the femoral approach and 6 percent by a combi- 
nation of the two. Coronary arteriography was accom- 
plished by manual syringe injection employing Renografin$- 
76 (meglumine diatrizoate 66 percent and sodium diatri- 
zoate 10 percent, Squibb) as the contrast agent. 

Left ventricular contraction pattern and functional sta- 
tus of the mitral apparatus were evaluated in all patients 
by power injection of contrast material into the left ventri- 
cle with patients in the 30? right anterior oblique position. 
Mitral regurgitation was evaluated on a scale of 0 to 4+ by 
the criteria of Sellers et al.!! Left ventricular wall contrac- 
tion abnormalities were grossly estimated as involving (1) 
up to 25 percent of the ventricle, (2) 25 to 50 percent, or (3) 
more than 50 percent of the ventricle. The location of the 
abnormality was designated anterolateral, apical or inferior 
(singly or in combination) or “diffuse.” 

For analysis of coronary anatomy, a hemodynamically 


significant lesion was defined as stenosis of at least 75 per- 


cent of the internal lumen. Patients were classified by sig- 
nificant disease of one, two or three major coronary vessels. 
All patients whose death was catheterization-related had 
proximal lesions of either the left main coronary artery or 
its two main branches, the anterior descending and the cir- 
cumflex. For comparison of antecedent clinical features, 
therefore, all patients with left main lesions were identified 


TABLE I 
Deaths Related to Cardiac Catheterization 
Case Time Post 
no. Sex Coronary Lesions Clinical Data Cath (hr) Terminal Course 
1 M Left main; LAD; Class IV; 4 PAT, VT during cath; VT 
LCF; RCA LV study < 50% after cath, unresponsive to 
treatment 
2 M Left main; LAD; Class III; During study Vomited after LV study; 
LCF; RCA ex. test markedly shock, VT, Q waves 
positive at zero appeared 
watts; LV study 
2596 
3 F Left main; LAD Class IV; During study Shock after RCA arteriogram  - 
LV study 50% 
4 M Left main; LAD; Class IV; During study Shock 2 minutes after single 
LCF (left dominant) ex. test 4 mm S-T LCA arteriogram 
depression with 
angina; LV study 
2596 
5 F LAD * LCF; LAD Class IV ; 34 Hypotension, low output, 
(distal); RCA LV study 25% bowel infarct 2 hours post 
cath 
6 F LAD + LCF; RCA Class IV; 80 RBBB post cath. Died 
LV study < 50% suddenly | 
7 F LAD * LCF; LAD Class IV; 48 Hypotension 1 day post cath. 
(distal); LCF MI 12 days 
previously; 
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as were those with the comparable hemodynamic pattern of | 


proximal anterior descending and circumflex lesions. The 
total group consisted of 24 patients with left main coronary 


artery disease and 36 with anterior descending and circum- — 


flex (*combined") lesions. One hundred sixty-three consec- 


utive patients with neither anatomic complex, but with sig- - 


nificant coronary artery disease, were identified as a con- 
trol group and clinical data accumulated. Included among 
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the total of 223 were all patients who had a catheterization- 
related myocardial infarction. All 223 patients were ana- — 


lyzed with respect to antecedent clinical factors and cathe- — 


terization findings. 


Clinical factors: Each patient's age, sex, degree of se- - 


verity of angina pectoris and exercise test results were tab- 


ulated. Angina pectoris was graded on a scale modified — 


from the New York Heart Association functional criteria — 


for congestive heart failure: class I, asymptomatic; class II, 
symptoms on exertion; class III, symptoms on minimal 


exertion and class IV, symptoms at rest. All exercise tests — 


consisted of graduated stress, using a bicycle ergometer, to — 
the point of fatigue or angina. Results were grouped as neg- - 
ative, positive (at least 1 mm ischemic S- T segment depres- — 


sion in lead V5 or Vg during exercise) or markedly positive 


(greater than 2 mm S-T segment depression in lead V5 or 


Ve). Comparisons among patient groups were made by the — 


chi square test (with Yate's correction) for qualitative vari- - 
ables. For quantitative variables, the means and their stan- - 


dard errors were compared using Student's t test for un- 


paired data. 


Results 
Mortality Related to Catheterization 
Among the 800 cardiac catheterizations, there were 
seven procedure-related deaths. All seven patients 
had coronary artery disease as their only disease. 
Four had lesions of the left main coronary artery 


LV study « 5096 


Cath = catheterization; class = New York Heart Association functional class; Ex. = exercise; LAD = 
LAD + LCF = combined lesions of proximal left anterior descending and left circumflex coronary arteries; LCF = 
= left ventriculogram (percent asynergy); MI = myocardial infarction; PAT = paroxysmal atrial tachycardia; RBBB = right 


artery; LV study 


left anterior descending coronary artery; 
left circumflex coronary 


bundle branch block; RCA - right coronary artery; VT - ventricular tachycardia. 
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- (Table I). The other three had combined lesions of 
ur the proximal left anterior descending and the left cir- 
Pd  cumflex arteries, a combination that seems hemody- 
. namically equivalent to a left main lesion. All seven 
. also had other lesions; six (including Patient 4, who 
. had a left dominant system with left main and cir- 
cumflex arterial lesions) had impairment of the right 
= coronary circulation. 

In addition to having extensive coronary artery 
disease, all seven who died were highly symptomatic, 
. and six of the seven had angina at rest (class IV). 
"Thus, there was a 3.8 percent catheterization-related 
— mortality rate in the 158 class IV patients among the 
— entire group of 800. The seventh patient, who had a 
— markedly positive exercise test (angina and 4 mm 
.—. S-T segment depression) at zero watts on a bicycle 
-. ergometer, was considered to have Class III function- 
2 al status. 

Antecedent clinical data: These data were avail- 

S able in detail in 223 patients with coronary artery 

E disease. Those patients who died were compared with 
fe 204 patients studied who had neither a catheteriza- 
i tion-related death (7 patients, Table I) nor infarction 
$1 (2 patients, Table II). No correlation was found be- 
| tween catheterization-related death and age, sex, cor- 
. onary dominance, mitral regurgitation or extent or 
` location of left ventricular dyskinesia. In six of the 
patients whose death was related to catheterization, 
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^. TABLE II 
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_ Clinical Data and Coronary Lesions in Patients With 

- Catheterization-Related Death and Survivors With 

_ Uncomplicated Procedures 

b Patients 
A. Patients With Un- 
al Who complicated 
T. Died Procedure 
n (no. = 7) P Value (no. = 204) 
~~ Class IV anginal 6 «0.005 54 

: symptom 

^. Left main lesion 4 «0.005 16 

"Hm Combined LAD * LCF 3 «0.10* 30 

gd lesions 

_ Three vessel coronary 6 «0.005 55 

|". disease 

E 

| -.* Not significant. 

^ P= probability; other abbreviations as in Table l. 

NT 

A TABLE Ill 

— Exercise Test Results (no. = 124) 

E : 

p Number of Tests 

r 

| Strongly 
PA Negative Positive Positive 
* Total Results Results Results 
fi 

- Pooled group of patients 31 72* 18 et 

; with left main and 

j combined lesions 

l Patients with neither lesion 93 50 43 0 


*P<0.01. 
t P < 0.005, by chi square. 
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only the brachial technique was used; in the seventh, 
both the brachial and femoral methods were required 
to complete the study. 

Six of the seven who died had class IV anginal 
symptoms, compared with only 54 of 204 patients 
with an uncomplicated procedure (difference signifi- 
cant, P <0.005). Six of the seven patients who died 
had significant disease of all three arterial systems— 
left anterior descending, left circumflex and right 
coronary artery; by this contrast, there were only 55 
patients with triple vessel disease among the 204 who 
had no catheterization-related complications (P 
<0.005). 

Four of the 7 who died had left main coronary arte- 
rial lesions, whereas only 16 of 204 patients with no 
catheterization complications had such lesions (P 
<0.005). Three of the 7 had the combined lesion, a 
higher but not significantly different proportion than 
the 30 of 204 who had no complications (P <0.10). 


Characteristics of Patients With Left Main and 
Combined Lesions 


Patients with left main and combined disease (in- 
cluding the patients who died) were then compared 
with each other. There were 24 patients with left 
main coronary lesions and 36 with combined lesions 
of the left anterior descending and circumflex 
branches. No significant differences were found with 
regard to age, sex, presence of hypertension, diabetes, 
hyperlipidemia, previous myocardial infarction, ven- 
tricular dyskinesia, mitral regurgitation or lesion of 
the right coronary artery, or left ventricular end-dia- 
stolic pressure or cardiac index. Thus, the two groups 
could not be distinguished by clinical or hemodynam- 
ic measures or by left ventriculography. 

Both the groups with left main and combined coro- 
nary artery disease were significantly more symptom- 
atic than patients without these lesions. Twenty-one 
of the 24 patients with left main coronary lesions had 
class III or IV angina, as did 24 of 36 patients with 
combined lesions but only 70 of 163 with neither le- 
sion. Either group taken alone was significantly dif- 
ferent from the group with neither lesion (P «0.001 
for the group with left main coronary disease, P 
«0.025 for the group with combined lesions). 

Exercise tests: Exercise tests in 17 patients with 
left main coronary artery disease yielded four nega- 
tive results and nine positive and four strongly posi- 
tive results. Tests in 14 patients with combined le- 
sions yielded three negative results and nine positive 
and two strongly positive results. 'The patterns of re- 
sponse were therefore not specific for either group. 
However, of 124 tests performed in the total group, 
all 6 with strongly positive findings were performed 
by patients with either left main or combined lesions. 

By pooling the latter two groups (Table III) it can 
be seen that these patients with extensive disease 
tended to have a more positive exercise test than pa- 
tients without left main or combined lesions. Only 7 
patients in the dual group had negative results, 18 
had positive and 6 had strongly positive results. Of 
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the remaining patients with exercise studies, 50 had 
negative results and 43 had positive and none had 
strongly positive results. Patients with left main and 
combined lesions had a lower incidence rate of nega- 
tive tests (P <0.01) and a higher incidence rate of 
strongly positive tests (P <0.005) than those with 
neither lesion. 


Terminal Course 


Catheterization-related deaths occurred earlier in 
patients with left main coronary disease than in pa- 
tients with combined lesions (Table I). Three of the 
former patients died with sudden irreversible pump 
failure at cardiac catheterization. One had recurrent 
arrhythmias during the procedure and died 4 hours 
later of irreversible ventricular fibrillation. 

Among the patients with combined left anterior 
descending and circumflex lesions, Patient 5 became 
hypotensive with a low cardiac output 2 hours after 
the procedure and died 32 hours later, probably of 
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FIGURE 1. Case 4. Coronary arteriograms in a patient with suspect- 
ed left main coronary artery disease. A, nonselective injections 
failed to opacify the distal vessel. As exemplified by this injection in 
the anteroposterior projection, the main coronary artery was ob- 
scured by the sinus of Valsalva. B, selective injection of the left cor- 
onary artery in the anteroposterior projection reveals a high grade 
left main coronary lesion (black arrow) as well as an occluded left 
anterior descending artery (white arrow). C, the single selective left 
coronary injection also revealed a severe narrowing (arrow) of the 
dominant left circumflex coronary artery proximal to the posterior 
descending artery. 


multiple systemic infarctions secondary to the low 
output state. In Case 6 right bundle branch block de- 
veloped soon after the procedure and was presumed 
to be due to a myocardial infarction; left axis devia- 
tion was not observed. This patient seemed to be re- 
covering until she died suddenly about 80 hours after 
the procedure. Patient 7 became hypotensive 1 day 
after the procedure and died the next day. 


Patient 4, who had left main coronary artery disease, il- 
lustrates the problem posed by these patients. He was sus- 
pected of having severe coronary disease because he had 
angina at rest, associated with marked (4 mm) S-T segment 
depression in most of the precordial leads, and dyspnea 
during his anginal attacks. Because of the three previous 
deaths in patients with left main coronary disease, nonse- 
lective opacification of the left main coronary artery was 


attempted. Several sinus of Valsalva injections were per- - 
formed, but the sinus obscured the left main coronary ar- 


tery in all views (Fig. 1A). The left main coronary lesion 
could not be definitely identified from any of the nonselec- 
tive injections. In addition, the distal vessel filled poorly, 
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TABLE IV 


Time of 


= no. Sex Coronary Lesions Death Autopsy Findings 


3 F Left main; LAD Large, calcified ather- 
- omatous plaque at 
origin of left main. 
Possible fresh in- 
farct in superior, 
posterior LV. Dif- 
fuse myocardial 


scarring 


Stenosis: 50% left 
main; 75% RCA; 
90% LCF; 80—85 
percent LAD and 
diagonal 

Recent (<1 day) 
massive septal in- 


farct. Old diffuse 
scarring. Occlu- 


During cath 


Left main; 
LAD; LCF 


During cath 


34 hours 
post cath 


LAD * LCF; RCA; 
distal LAD 


RCA; 8096 narrow- 
ing of left main.* 
Ischemic colitis, 
infarcts of liver and 
spleen 


LAD + LCF: LCF; 
distal LAD 


48 hours 
post cath lateral infarct with 
LV aneurysm in- 
cluding papillary 
muscles. Recent 
(7 days old) septal 
infarct. Pulmonary 


onary atheromas 


* See text. 
LV = left ventricle; other abbreviations as in Table |. 


_ yielding a nondiagnostic study. Selective opacification was 
- then performed, confirming a high grade proximal left 


main coronary arterial stenosis (Fig. 1B) and a distal lesion 
- of a dominant circumflex branch (Fig. 1C). Approximately 
2 minutes after this single selective injection of the left cor- 


. onary system, the patient had shock unresponsive to all 
- forms of therapy and died within an hour. 


Autopsy Data 
Autopsy data are available for four of the seven pa- 


— tients who died (Table IV). No patient had evidence 
of dissection or embolization of a coronary artery. In 


Case 7 there was evidence of an infarct about 1 week 


— old that had not been confirmed clinically. In Case 4 


there was 75 percent stenosis of the right coronary 
artery that had been interpreted as “intramural dis- 


ease" on angiography. The angiographically recog- 
nized lesions of the left main, anterior descending, di- 


agonal and circumflex vessels were confirmed. In 
Case 5 the autopsy report suggested an 80 percent 
narrowing of the left main coronary artery. Both the 
pathologic and arteriographic examinations con- 


firmed an extremely short main stem. The arterio- 


gram was more suggestive of a short patent left main 


- coronary artery and high grade lesions involving the 


anterior descending and circumflex at their bifurca- 


A tion. 
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sions of LAD, LCF, 


Extensive old antero- 


infarct. Diffuse cor- 
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Catheterization-Related Myocardial Infarction - 


The patients who had a myocardial infarction re- 
lated to catheterization are listed in Table V. The 
first six patients (Table VA) resembled the seven pa- 
tients whose death was procedure-related. They all 
had three vessel coronary disease with left main or 
combined lesions. Four of the six had class IV angina 
or markedly positive exercise tests. The second set of 
six patients (Table VB) were apparently less serious- 
ly ill, with most (three of four studied) having nega- 
tive results of exercise tests, and five having disease 
of no more than two vessels. Chest pain caused termi- 
nation of the catheterization before coronary angiog- 
raphy was performed in the sixth. 

In Case 10 the infarction was probably caused by 
dissection of the proximal right coronary artery. Dur- 
ing left ventriculography, the catheter recoiled out of 
the ventricle. The right coronary artery was visual- 
ized at that time. The catheter apparently trauma- 
tized the right coronary ostium, since at a later at- 
tempt to catheterize the right coronary artery, the ar- 
tery was totally occluded in its proximal portion. At 


about this time, electrocardiographic changes of a 


posteroinferior infarction were noted. In another pa- 
tient (Case 14), review of the films showed that the 
catheter had been advanced through a proximal right 
coronary stenosis. 

Although some criteria diskana those pa- 
tients whose death was related to catheterization 
from those whose procedure resulted in no complica- 
tions, none distinguished the patients who had a 
myocardial infarction related to catheterization. 
There were no statistically significant differences be- 
tween the group with infarction and those with an 
uncomplicated procedure with reference to severity 
of angina, sex, presence or absence of three vessel dis- 
ease, lesions of the left main coronary artery, com- 
bined lesions and cardiac index. 


Discussion 


Our data provide a profile of the patient at risk of 
dying in relation to the stress of coronary angiogra- 
phy although they do not provide an estimate of gen- 
eral risk. An institution's philosophy about patient 
selection for study can be expected to have a signifi- 
cant influence on mortality. *Diagnostic" catheter- 
izations to establish the presence of coronary artery 
disease are infrequently performed at our center. Un- 
less the presenting clinical syndrome is unclear, pa- 
tients are usually considered for angiography only if 
their symptoms are both severely limiting and refrac- 
tory to medical management. In addition, the defini- 
tion of “procedure-related” death utilized for this se- 
ries is more generous than that in any previously 
published report. The inclusion of complications oc- 
curring within 5 days of angiography nearly doubled 
the mortality rate found at 24 hours, but we believed 
it important to increase the sensitivity of the search 
for patients defining the high risk profile. 
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Catheterization-Related Myocardial Infarction 
Case Time of ECG Site 
no. Sex Coronary Lesions Clinical Data Infarct of Infarct Comments 
A. Patients With Triple Vessel Disease 
8 M Left main; LAD; Ex. test positive, End of cath None Enzyme elevation; hypotension. 
RCA; LCF 0.5 mm S-T Catheterization by both femoral 
depression and brachial techniques 
9 M Left main; LAD; RCA Class IV; During cath Inferior 
LV study 50% 
10 M Left main; LAD; Class IIl; During cath Inferior Dissection of proximal RCA 
RCA; LCF ex. test positive, j 
3 mm S-T 
depression 
11 F LAD * LCF; RCA Class I! (angina) During cath Inferior VT twice during procedure, once after 
LCA injection 
12 M LAD * LCF; RCA Class Il; 12 hr Anterior 
LV study 50% post cath 
13 M LAD + LCF; RCA Class IV; During cath Inferior 
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B. Patients With Less Severe Disease 
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14 M RCA Class IV During cath Inferior Catheter advanced through RCA stenosis, 
AF during study. 
15 M RCA; LCF Ex. test negative 5 days None Enzyme elevations at 5 days, no ECG 
post cath changes 

16 M RCA; LCF Ex. test positive; 7 hr Anterolateral Bradycardia and hypotension 7 hours 

LV study 2596 post cath after cath. ECG changes of subendo- 
j cardial MI with enzyme elevations 

17 M LAD Ex. test negative; During cath Lateral 
LV study 25% 

18 M None Dyspnea; no During Inferior and Catheterization by both femoral and 
angina; LV study anterior brachial techniques, polyurethane 
LV study 50% : catheters. Cardiomyopathy 

19 F ? Ex. test negative. During Inferior Percutaneous technique, polyurethane 
LV study 50% LV study catheters; femoral occlusion requiring 


bypass; coronary study not performed ~ 





AF = atrial fibrillation; ECG = electrocardiographic; other abbreviations as in Table I. 


Clinical factors predisposing to risk at coro- 
nary arteriography: Of all antecedent clinical in- 
dexes evaluated, the patient's functional class of an- 
gina pectoris was the best predictor of a high risk at 
catheterization. All patients who died had angina at 
rest or with minimal exertion associated with a mark- 
edly positive exercise test. The overall mortality rate 
among class IV patients with coronary artery disease 
(angina at rest) was 3.8 percent. 

Extensive coronary artery disease was also associ- 
ated with a high risk of catheterization-related mor- 
tality. Not only was left main coronary artery disease 
implicated, but also combined lesions of the left ante- 
rior descending and circumflex branches resulting in 
an equivalent physiologic deficit. There was no sig- 
nificant difference in catheterization-related mortali- 
ty between the groups with left main and combined 
lesions, suggesting that the danger inherent in a left 
main coronary arterial lesion may arise to a great ex- 
tent simply from the extent of the myocardial perfu- 
sion defect. However, patients with left main coro- 
nary artery disease did tend to die earlier; three of 


four of those whose death was catheterization-related 
died during the study. 

A high mortality rate has been reported!” during 
and after cardiac catheterization in highly symptom- 
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atic patients, and the risks of studying patients with | 
left main coronary disease have previously been un- . 
derscored.’:8:!3 The severity of the angina and the ex- 
tent of coronary disease therefore seem to be the - 


major factors correlated with death related to cardiac 
catheterization. These factors have also been shown!?- 
16 to be the best predictors of long-term mortality 


after catheterization. Thus, the degree of the pa- ; 
tients’ disease may be a primary factor contributing © 


to both long-term and catheterization-related mor- 
tality. It is reasonable to imply that the high cathe- 
terization risk represents the result of stress in a pre- 
cariously ill patient population. 


Clinical implications: Since it seems possible to - 
predict with fair accuracy the patients who will be at - 


high risk of death on coronary arteriography, what — 
use can be made of this information? These patients | 
are high priority candidates for coronary bypass sur- - 
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gery as well as high risk candidates for coronary arte- 
riography. Definition of the precise coronary anatom- 
ic deficit is essential in these patients, and those at 
the greatest risk need the study most urgently. Previ- 
ous studies have suggested that nonselective injection 


. of the left sinus of Valsalva might resolve this dilem- 


ma.’ In many cases, this approach yields nondiag- 


nostic studies, inadequate for decisions influencing 


surgical therapy. Whether external or intraaortic as- 


sist devices should be used to support these patients 
_ during catheterization is a question deserving investi- 
— gation. This intervention might enable safe elective 


catheterization followed by prompt coronary bypass 
surgery in high risk patients. 
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In contrast to risk of death, risk of myocardial in- & 


farction was not correlated with any of the factors 
studied. This finding suggests that patient risk fac- 
tors are not the strongest determinants of catheter- 
ization-related myocardial infarction. Technical fac- 
tors and chance errors seem more important. It may 
be that a randomly occurring mild insult that pro- 
duces a nonfatal myocardial infarction in a less pre- 
cariously ill patient can cause death in a patient with 
class IV angina and severe coronary artery disease. 
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Clinical Significance of Coronary Arterial Ectasia 
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JOHN E. MARKIS, MD E ae S wi Ina study. group e 2, A57 consecutive patients undergoing cardiac . 
AWE JOFFE, MD. See catheterization, 30 patients had coronary arterial ectasia, an irregular 
PETER F. COHN, MD, FACC . dilatation of major vessels up to seven times the diameter of branch ^ 
DENNIS J. FEEN, MD T " i. vessels. The frequency of hypertension, abnormal electrocardiogram 
iugis Hs deest E po pA ace Eus, and history of myocardial infarction was greater than that in a control — 
pe NT ek ii oy with obstructive coronary artery disease. Patients with ectasia 

Boston, Massachusetts - Mosi Vm "i i u^ did. not differ from patients with obstructive disease in sex, age, preva- 
RU | lence of angina or presence of metabolic. abnormalities. Six deaths oc- — 
curred in the group with ectasia during a mean follow-up period of 24 
(s months. (annual rate 15 percent). Extensive destruction of the muscu- 
loelastic elements was evident, resulting in marked attenuation of the  . 
vessel wall. The short-term prognosis in this group is the same as in — 
inb d ‘medically treated patients with three vessel obstructive coronary ar- . 

tery disease. p Ay? SA 


 Ectasia, or irregular dilatation T: ‘the coronary arteries associated ‘Al 
with atherosclerosis, is an infrequent antemortem diagnosis. How- - 
ever, ina consecutive series of 694 autopsies with detailed examina- — 
tion of the coronary arteries, Daoud et al.! found, in patients over age - 
16 years, a prevalence rate of 1.4 percent of localized saccular and — 
fusiform atherosclerotic dilatations of the coronary arteries, which he 
called aneurysms. An aneurysm is a sac that must be distinct from - 
the remainder of the vessel to be appreciated. We prefer the word ec- 
tasia, since the entire vessel, throughout its course, can be involved © 
and the term is descriptive. of the anatomic features. The diagnostic — 
and therapeutic implications of this entity with its atherosclerotic or- — 
igin can then be separated from the diverse group of cineangiographic — 
and postmortem conditions that have previously been collectively . 

" termed aneurysms. To define the clinical significance of coronary ar- 
terial ectasia, we reviewed all coronary arteriograms performed in 
this E RUM from 1964 through 1973. 


Materials and Methods 


T Anatomic dinane of coronary arteries in 2, ,457 patients studied by coro- 
nary cineangiography were reviewed for the presence of ectasia. All subjects 
underwent right and left heart catheterization, including selective coronary 
cinearteriography performed by the Sones or Judkins technique using either 
General Electric or Siemens X-ray image intensification systems (9 to 6 inch 
dual field) and recording on 16 mm film at 60 frames/sec. Films of all pa- 

| | tients with evidence of diffuse coronary ectasia were reviewed by at least 
From the Departments of Medicine and Patholo- three investigators and a consensus was reached without knowledge of the 
gy, Peter Bent Brigham Hospital and Harvard clinical or laboratory findings. 
Medical School, Boston, Mass. This study was Thirty patients were found to have diffuse or localized saccular and fusi- 
a naphthyl anc Feast a form coronary dilatation with segments of normal caliber throughout the 
from the U. S. Public Health Service, Bethesda, 
Md. Manuscript accepted July 2, 1975. . length of the major vessels. There were 28 men and 2 women in the group; 
Address for reprints: John E. Markis, MD, their ages ranged from 26 to 67 years (mean 49 years). Coronary arteriograms 
Peter Bent Brigham Hospital, 721 Huntington were classified according to extent of ectatic involvement of the right, left an- 
Ave., Boston, Mass. 02115. terior descending or left circumflex coronary artery (Fig. 1). Diffuse ectasia of 
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by . FIGURE 1. Coronary cinearteriography in representative tbe of ectasia. A, type |: diffuse ectasia ol ali three major aodai: Top, right coro- 
2 . nary artery (RCA) in left anterior oblique projection; bottom, left coronary artery (LCA) in right anterior oblique projection. The right, left anterior 
. descending and left circumflex coronary arteries are involved. B, type Il: diffuse ectasia in one vessel and localized disease in one other major 
vx vessel. Top, right coronary artery in left anterior oblique projection; bottom, left coronary artery in left anterior oblique projection. The right, left 
. main and proximal left anterior descending coronary arteries are involved. C, type IIl: diffuse ectasia of one vessel only. Top, right coronary ar- 
tery in left anterior oblique projection; bottom, left coronary artery in left anterior oblique projection. The left circumflex coronary artery is in- 

.. volved. D, type IV: localized or segmental involvement of coronary arteries. Top, right coronary artery in left anterior oblique projection; bot- 


+ 


$3 volved. 


E 

E Stwo or three vessels was classified as type I, diffuse disease 
„in one vessel and localized disease in another vessel as type 
II, diffuse ectasia of one vessel only as type III and local- 

1 ized or segmental ectasia as type IV. 

— —  À prospective series of 62 patients with angiographically 
documented obstructive (but nonectatic) coronary artery 
- disease who had also been studied in a predetermined pat- 
7 tern of standard clinical procedures served as a control 
— group. Selection criteria for the control group were pres- 
-. ence of a chest pain syndrome of sufficient severity or fre- 
— quency to require referral for coronary arteriography, and 





= with coronary ectasia and coronary obstructive disease. 
'The chi square test was used to assess clinical significance. 
— The criteria for the diagnosis of angina pectoris, electrocar- 
— diographic evidence of left ventricular hypertrophy and 
. myocardial infarction were those of the New York Heart 
— Association.? Plasma was analyzed for total cholesterol, tri- 
glycerides and lipoprotein electrophoretic pattern. The 
normal limits of plasma cholesterol and triglyceride and 
S low density lipoprotein cholesterol previously described? 
... were used to define the hyperlipoproteinemic states. 


E Results 


—— Clinical presentation: Twenty-eight of the group 
. of 30 with ectasia had a history of classic angina pec- 
.. toris, an anginal equivalent or atypical chest pain se- 
— vere or frequent enough to warrant referral for evalu- 
. ation of suspected coronary artery disease. One pa- 
= tient with type I coronary arterial ectasia had no 
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. tom, left coronary artery in right anterior oblique projection. The mid-right proximal, left main and proximal circumflex coronary arteries are in- 


chest pain and was studied because of a history of 
myocardial infarction at age 35 years. Another pa- 
tient found to have type I ectasia was referred be- 
cause of the development of left bundle branch block 
during a routine physical examination. Five years 
after cardiac catheterization, he had a myocardial in- 
farction documented by typical chest pain and serial 
enzyme changes. e 

Twenty-five of the group with ectasia had an ab- 
normal resting electrocardiogram. Eight electrocar- 
diographic tracings met the criteria for left ventricu- 
lar hypertrophy. Eighteen patients had evidence of 
old transmural myocardial infarction in the resting 
electrocardiogram. Eighty percent of those with ec- 
tasia had a myocardial infarction (documented by se- 
rial electrocardiographic or enzyme changes, or both) 
before cardiac catheterization, compared with only 
46 percent of the control group (P <0.005). 

Twenty-one of the 30 patients with ectasia had a 
family history of coronary artery disease, compared 
with 18 of the 62 patients in the control group (P 
<0.0005). No data are available concerning arterial 
ectasia in family members. 

Follow-up data (Table I): Follow-up data were 
obtained in 29 of the 30 patients with coronary arte- 
rial ectasia. Twenty patients were treated medically 
and nine surgically. There were five deaths in the 
medically treated group and one death in the surgi- 
cally treated group during a mean follow-up period of 
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TABLE I 
A Follow-Up Data on 30 Patients With Coronary Arterial Ectasia 
" Total Type I Type II Type III 

Cases (no.) 30 15 7 6 

Alive as of 4/1/74 23 11 5 5 

Dead 6 3 2 1 

Lost to follow-up 1 1 eee? ees 

Persistence of chest 17 y 4 4 
pain symptoms 

No chest pain 5 4 DE 1 

Mean follow-up period (mo.) 25 28 19 25 

Treated surgically 9 3 4 1 1 
Alive as of 4/1/74 8 3 3 1 1 
Dead 1 ^im 1 T 
Coronary bypass graft or 7 3 2 1 1 

grafts 
Bilateral internal mammary 1 1 
artery implant 

Aortic valve replacement 1 SPA 1 PU viis 
Persistence of chest pain 5 2 2 1 XU 
No chest pain 3 1 1 1 
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Type | = diffuse ectasia of two or three vessels; type II = diffuse disease in one vessel and localized disease in another; type III = diffuse 


ectasia of one vessel only; type IV = localized or segmental! ectasia. 


24 months (annual rate 15 percent). All six patients 
who died had three coronary arteries involved with 
obstructive disease, ectasia, or both, although three 
patients had no significant site of obstruction. One 
patient could not be taken off cardiopulmonary by- 
pass after aortic valve replacement for concomitant 
aortic stenosis. The five patients in the medically 
treated group all died of myocardial infarction. Five 
of the group of 23 survivors are free of any chest pain 
syndrome. One patient with type III ectasia had a 
successful resection of an abdominal aortic aneu- 
rysm. 

'Two patients, one with type I and one with type II 
ectasia had a postmortem examination at this hospi- 
tal. The latter patient died immediately after aortic 
valve replacement. Autopsy revealed coronary ath- 
erosclerosis with ectasia, thus confirming the ante- 
mortem angiographic diagnosis, but the arterial spec- 
imens are not now available. 


Illustrative case history: The patient, a 50 year old 
Caucasian man, had a history of inferior wall myocardial 
infarction and hypertension of 10 years' duration. Blood 
pressure on admission to the Peter Bent Brigham Hospital 
was 195/125 mm Hg. Cardiac catheterization revealed se- 
vere three vessel coronary obstructive disease with ectasia 
and an abnormal ventriculogram with anterior hypokinesia 
and inferior akinesia. The patient died 3 weeks after cardi- 
ac catheterization. 

At postmortem examination, the coronary arteries were 
seen to have marked atherosclerosis. The proximal right 
coronary artery (Fig. 2a) was totally occluded by recent 
thrombus and the distal portion was totally occluded with 
recent hemorrhage into an atherosclerotic plaque. The 
proximal left anterior descending coronary artery was com- 
pletely occluded by thrombus and, in addition, a 90 percent 
atherosclerotic occlusion was present. The left circumflex 
artery was 95 percent occluded by atherosclerotic plaque. 
All major coronary vessels had marked irregular fusiform 
ectatic enlargement. In areas of maximal dilatation, the 
vessel was less than 1.0 mm thick with a luminal diameter 
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of up to 0.6 cm. Areas of calcification were palpable in TET 


vessel walls. The fusiform .ectasia was seen oredonn skal 
in the proximal portions of vessels. Microscopic examina- — 
tion of the coronary vessels (Fig. 2, b to d) disclosed exten- 
sive calcification of the media. There was a marked reduc- - 
tion in the remaining media of each vessel with extensive - 
infiltration by atherosclerotic plaque or calcification. In- 


focal areas, the media was totally replaced by calcification. 


Elastic fiber stain revealed reduction in fiber within the  . 
media as well as destruction of the internal and external — 
elastic lamina. These changes attenuated the vessel walls to - 
a thickness of less than 1 mm in areas of ectasia. Pools of . 


metachromatic ground substance were revealed by muci- 


carmine stain in adjacent areas of atherosclerotic plaque, - 
but were not apparent in the uninvolved portions of the  . 
media. No vasculitic process was found in other arteries or. 


arterioles. 


Surgical treatment: Nine patients underwent 
cardiac surgery (Table I). Of seven with coronary ar-- 


terial bypass grafts, all have survived during a mean 


follow-up period of 22 months. This group included 
three patients with type I ectasia. One patient with | 


type II ectasia had bilateral internal mammary arte- 
rial implants and is alive. Three patients with coro- 
nary arterial bypass grafts have had no chest pain 
postoperatively. Of the four who did have pain, three 
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are in improved condition and one has had graft clo- _ 


sure demonstrated by angiography and persistent an- 
gina. One patient with type II ectasia and aortic valve 
replacement died immediately after surgery. 


Discussion 


Our patients with angiographically diagnosed ec- 
tasia of the coronary arteries had a greater preva- 
lence of family history of coronary artery disease, ab- 
normal electrocardiogram, history of infarction and 
hypertension than a control group of patients with 
nonectatic obstructive coronary artery disease. The 
six patients who died differed with regard to the 
number of vessels with significant obstructive dis- 
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ease. Three of this group had no obstruction and only 
one had obstruction of three vessels. Thus, the annu- 
al mortality rate of 15 percent suggests, in compari- 
son with the Cleveland Clinic data,* that the risk to 
the patient of ectasia only, with or without serious 
obstruction of the lumen, is the same as that for three 
vessel obstructive disease. 

Since the description by Morgagni? of coronary ar- 
terial dilatation in a patient with syphilitic aortitis, 
isolated antemortem cases of ectasia or aneurysms of 
the coronary arteries have been described as a proba- 
ble isolated congenital lesion? or in association with 
congenital heart disease,’® scleroderma,? Ehlers- 
Danlos syndrome,!° polyarteritis,!!!* bacterial infec- 
tion!? and atherosclerosis.!!4 Scott!^ collected a se- 
ries of reported cases of aneurysms and added a case 
of his own for a total of 47. He found that the most 
common type was of congenital origin and that the 
mycotic-embolic type was next in frequency. Only six 
cases were judged to be of atherosclerotic origin and 
six others related to syphilis. All diffuse (type I) le- 
sions were said to be of congenital origin. In a more 
recent review, Daoud et al.! described 10 cases found 
at postmortem examination; in all, the patient had 
severe atherosclerosis. Six patients had a history of 
hypertension but, surprisingly, the cause of death in 
8 of the 10 was an abdominal aortic aneurysm. An ab- 
dominal aortic aneurysm was also diagnosed in one of 
our patients with type III ectasia who underwent suc- 
cessful resection. Daoud et al.! stated that no case of 
coronary arterial aneurysm had been diagnosed ante- 
mortem up to the time of their report. In a patient 
with scleroderma,? aneurysmal dilatation in a right 
coronary artery without obstruction was diagnosed at 
angiography. Atherosclerosis was excluded as the 
cause because obstruction was not demonstrated. 
Benchimol et al.!© observed only two cases of coro- 
nary arterial aneurysm of probable atherosclerotic 
origin in more than 2,000 selective coronary cinean- 
giograms. One patient had a successful coronary arte- 
rial bypass procedure to an artery with diffuse ectas- 
ia. 

Pathogenesis: No patient in our group had evi- 
dence of other disease as an etiologic factor and two 
were documented to have severe atherosclerosis. Hy- 
pertension may play an important role in the patho- 
genesis of these lesions, perhaps in accelerating the 
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atherosclerotic destruction of the media found in our 
two patients. The prevalence of ectasia as docu- | 
mented by angiography in patients with a primary 
diagnosis of hypertension is unknown. Detailed ' 
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pathologic examination of our patients’ coronary ar- — 
teries (as demonstrated in Fig. 2) revealed the typical | Y 
diffuse hyalinization, lipid deposition, destruction of 3 
intima and media, focal calcification and fibrosis 
cholesterol crystals, intramural hemorrhage and for- | 


eign body giant cell reaction of the atherosclerotic | 


process. Once the process extended to the media, ex- ` 


$a 
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tensive destruction of the musculoelastic element 


was evident, resulting in marked attenuation of the © 


| 


vessel wall. In areas with relatively intact media, the 2 
ectasia was absent. The irregular and focal distribu- — 
tion of the process suggests that the ectasia, mani- - 


fested angiographically as fusiform dilatations, is 
generated by intraluminal pressures against an elas- 


tic vessel wall with decreased stress tolerance. There ; 


4 
| 


was no evidence of cystic medial necrosis in the arte- . 
ries of our two patients studied at autopsy. Daoud et 
al.! in their postmortem studies considered the — 


pathogenesis of ectasia (which they termed aneu- 


rysms) as poststenotic transformation of kinetic en- 


ergy to potential energy or lateral pressure. We have bs 
observed ectasia occurring without stenosis (Fig. 1), - 
presenting as a diffuse process in the coronary arte- | 


ries and not as localized aneurysms. Obstructive cor- - 


onary artery disease was also found at cardiac cathe- 
terization in the patient with scleroderma, not unlike 


the findings in our group of patients with type II ec- - 


tasia. Although the heart in scleroderma is usually — 
free of or only minimally involved with atherosclero- — 
sis,!” this patient may have had ectatic atherosclero- — 
sis rather than aneurysms due to or related to sclero- | 


derma. 


Prognosis: The prognosis of this lesion has been - 


considered poor.!^ Death has been attributed to sud- 


den rupture of aneurysm or myocardial infarction or 


unavailability of treatment. We have also found myo- 


P, 


cardial infarction to be a prominent feature of this — 
disease but have not been able to document rupture | 


of an aneurysm. We have found the short-term prog- 


nosis to be the same as for patients with three vessel 
obstructive coronary artery disease treated medical- 
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ly. Surgery is possible in patients with obstructive | 


coronary ectasia and can relieve symptoms. 
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Eight patients had cardiac manifestations that were life-threatening _ 
in five while taking psychotropic drugs, either phenothiazines or tricy- — 


clic antidepressants. Although most patients were receiving several 
drugs, Mellaril (thioridazine) appeared to be responsible for five cases 


of ventricular tachycardia, one of which was fatal in a 35 year old. 
woman. Supraventricular tachycardia developed in one patient receiv- — 
ing Thorazine (chlorpromazine). Aventyl (nortriptyline) and Elavil (ami- — 
triptyline) each produced left bundle branch block in a 73 year old - 
woman. Electrocardiographic T and U wave abnormalities were - 
present in most patients. The ventricular arrhythmias responded to in- — 


travenous administration of lidocaine and to direct current electric 
shock; ventricular pacing was required in some instances and intrave- 


nous administration of propranolol combined with ventricular pacing in — 
one. The tachyarrhythmias generally subsided within 48 hours after — 
administration of the drugs was stopped. Five of the eight patients . 


were 50 years of age or younger; only one clearly had antecedent 
heart disease. 

Major cardiac arrhythmias are a potential hazard in patients without 
heart disease who are receiving customary therapeutic doses of psy- 
chotropic drugs. A prospective clinical trial is suggested to quantify the 
risk of cardiac complications to patients receiving phenothiazines or 
tricyclic antidepressant drugs. 


Alexander and Niño! reported cardiovascular complications in seven 
young patients who were receiving psychotropic drugs. Data from 
hospital-based surveys have both confirmed? and refuted? the cardio- 
toxicity of tricyclic antidepressant drugs. This paper describes cardi- 


observed within the last 6 years. These complications were often life- 


threatening arrhythmias that developed in patients with emotional . 
disorders who were receiving customary therapeutic doses of these — 
agents. The potential dangers of psychotropic drugs, especially in — 
large doses, deserve greater emphasis and suggest the need for a pro- — 


spective study to quantitate the risk involved. 


Case Descriptions 


The cases described are summarized in Table I. 
Case 1: A 35 year old woman was admitted to the Cincinnati General Hos- 
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pital on August 17, 1968 after attempted suicide. A depressive reaction was 


diagnosed. There was no history of neurologic or cardiac disease. She was 
given the following medications orally: Mellaril? (thioridazine hydrochlo- 
ride), 250 mg four times daily; Stelazine® (trifluoperazine), 10 mg four times 
daily; Cogentin® (benztropine mesylate), 1 mg twice daily; Thorazine® (chlor- 
promazine hydrochloride) Spansules®, 300 mg at bedtime. Thirty-six days 
later, while still in the hospital, she had seizures with urinary and fecal incon- 
tinence. A physician observed her pulse to be irregular during a seizure. An 
electrocardiogram revealed a prolonged Q-T interval with prominent U 
waves, especially in leads II, III, aVF and V4 to Vg (Fig. 1). 
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ARR S AFTER PSYCHOTROPIC DRUGS 
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2 TABLE | 
bes ` 
-Summary of Eight Cases 
y Daily 
m Case Age Dose 
B m - n Drugs (ma) 
3 1 35 Mellaril (thioridazine); 1000 
E. ' — Thorazine (chlorpro- 300 
id mazine); 
H Stelazine (trifluo- 40 
£a perazine) 
mu 2 24 Mellaril 400— 
xS 800 
Pi 3 30 Mellaril; 1600 
E. Serentil (mesorida- 800 
US zine) 
ic 4 64 Mellaril; 1200 
E Serentil 300 
A 5 19 Tofranil (imipramine); Over- 
m Stelazine dose 
E 6 73 1st episode: Thora- 150 
B zine; 
he: Aventyl (nortripty- 75 
zt line); 
m 2nd episode: Elavil 12.5 
E | (amitriptyline) 
E 7 50 Thorazine 400 
j 8 71 Mellaril; 200 
Serentil 75 
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HCVD = hypertensive cardiovascular disease; IVCD = intraventricular conduction defect; LBBB = left bundle branch block; 
— — bundle branch block; SVT = supraventricular tachycardia; VF = ventricular fibril ation; VT = ventricular tachycardia. 


Physical examination, including cardiac examination, 
was normal. Chest roentgenogram was normal. Serum po- 
tassium was 3.9 mEg/liter and other serum electrolytes, as 
well as serum enzymes, were normal. She had repeated epi- 
sodes of documented ventricular tachycardia and fibrilla- 
tion, some of which were terminated by a precordial blow 
(Fig. 1). Despite intravenous administration of Xylocaine® 
(lidocaine) and Pronestyl® (procainamide hydrochloride), 
cardiac pacing and direct current countershock, she died on 
the same day. A coroner’s autopsy revealed no gross or mi- 
croscopic cardiac abnormality. 


Case 2: A 24 year old man had been treated in the psy- 
chiatric clinic of the Cincinnati General Hospital since No- 


- — vember 22, 1969 because of a schizophrenic reaction. An 
- electrocardiogram 2 days before admission had shown a 
- QRS interval of 0.12 second with a pattern of nonspecific 


intraventricular conduction defect. On admission, he was 
treated with Mellaril, 100 mg four times a day, although he 


admitted taking 600 to 800 mg a day on occasion. He was 


taken by ambulance to the emergency room on February 
23, 1970 because of weakness, dizziness, nausea and vomit- 
ing. He was found to have ventricular tachycardia (rate 
186/min) (Fig. 2). A bolus injection of 100 mg of lidocaine 
was given intravenously and was followed by direct current 


 countershock, which converted the rhythm to sinus 


rhythm. 'The patient was said to have had a cardiac mur- 
mur since childhood. He denied having any symptoms of 
cardiovascular disease before this episode. 

Physical examination during sinus rhythm revealed a 
blood pressure of 110/70 mm Hg. The heart was not en- 
larged and the heart sounds were normal. A grade 1/6 sys- 
tolic ejection murmur heard over the pulmonary area was 
thought to be innocent. The lungs were clear. Laboratory 
examination revealed values for sodium and potassium of 






Prior 
Heart Duration 
Disease Manifestations (hours) 
None VT; fatal VF 24 
(death) 
IVCD VT 24 
None VF; RBBB; «48 
VT; abnormal 
T-U complexes 
Mone VF; A-V block 48 
None Bizarre 24 
T-U complexes 
HCVD LBBB; heart failure «5 days 
HCVD LBBB 5 days 
None SVT 48 
Not docu- VT 48 
mented 
RBBB = right 


135 and 5.7 mEq/liter, respectively. A chest roentgenogram 
was normal. The electrocardiogram after the resumption of 
normal sinus rhythm (Fig. 2) showed a P-R interval of 0.20 
second and a QRS duration of 0.12 second. There were 
prominent U waves in all leads. A follow-up tracing on Sep- 
tember 24, 1970 showed a normal S-T segment and T 
waves. The prominent U waves were no longer present. The 
QRS duration remained the same. 


Case 3: A 30 year old woman was admitted to a commu- 
nity hospital on December 2, 1971 shortly after an episode 
of syncope at Longview State Hospital. The patient, a 
schoolteacher, was receiving the following medications at 
the time of syncope: Mellaril, 400 mg four times daily; Pro- 
lixin® (fluphenazine hydrochloride), 2 cc intramuscularly 
every 2 weeks; Serentil® (mesoridazine), 200 mg four times 
daily: and Cogentin. There was no past history of cardiac 
disease. When the patient collapsed on the day of admis- 
sion, an electrocardiogram disclosed ventricular tachycar- 
dia, followed by ventricular fibrillation. Direct current 
countershock successfully restored sinus rhythm, and the 
patient was sent to a local private hospital. On admission, 
the general physical findings were normal except for a flat- 
tened emotional affect. Blood count, urinalysis and chest 
X-ray film were normal. On admission, serum levels of glu- 
tamic oxaloacetic acid (GOT) and lactic dehydrogenase 
(LDH) were elevated but those of creatine phosphokinase 
(CPK) were normal. The serum enzyme elevations were be- 
lieved to be due to the arrhythmia and hepatic damage. 
Serum potassium was 3.4 mEq/liter on admission. She was 
treated with an intravenous infusion of lidocaine; other an- 
tiarrhythmic agents were not used. 

The admission electrocardiogram of December 2 showed 
ventr:cular tachycardia and, later the same day, borderline 
first degree atrioventricular (A-V) block and intermittent 
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FIGURE 1. Case 1. Electrocardiogram EXE di S-T und T Yin at: 
normalities and large U waves in a 35 year old woman with a fatal 


ventricular arrhythmia after treatment with Mellaril, Thorazine and 
. Stelazine. Response of a ventricular tachycardia to a sternal blow is 


shown at bottom. 


right bundle branch block with abnormal T-U complexes 


(Fig. 3). Electrocardiograms of December 4 and 5 showed 


no bundle branch block but continued T-U abnormalities. 
A recording on January 11, 1972 was normal, and the P-R 
interval was decreased from 0.20 to 0.13 second. 


Case 4: A 64 year old woman had been confined in 
Longview State Hospital for 34 years because of manic- 
depressive psychosis. In April 1971, Mellaril, 400 mg, and 
Serentil, 100 mg, were given orally three times daily. On 
December 30, the patient suddenly lost consciousness. An 
electrocardiogram after her resuscitation showed long peri- 
ods of sinus arrest. Atropine was given intravenously; ven- 
tricular bigeminy developed, followed by ventricular fibril- 
lation. Direct current countershock and intravenous injec- 


tions of lidocaine were given; there was intermittent com- - 


plete A-V block interrupted by bursts of multifocal ventric- 
ular premature beats and ventricular tachycardia (Fig. 4). 
On admission to this hospital, she was treated with tempo- 
rary pervenous pacing óf the right ventricle and lidocaine, 


jn intravenously, 3 mg/min. On the 3rd hospital day, she re- 
. gained consciousness and hati normal sinus rhythm. She 


P 
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had no further cardiac arrhythmias and on January 7, 1972 
was returned from this hospital to Longview State Hospi- 


Case 5: A 19 year old woman was admitted to Cincinnati 
General Hospital on February 23, 1972 after ingestion of 50 
tablets of Tofranil® (imipramine hydrochloride), 50 mg, 
and 20 tablets of Stelazine, 5 mg, in a suicide attempt. She 


had been discharged from the hospital the previous day 


with the diagnosis of chronic depressive psychosis. The pa- 
tient was semicomatose. Blood pressure was 110/70 mm 
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3 FIGURE 4. Case 4. Ventricular tachycardia in a 64 year old woman after Mellaril and Serentil therapy. In the latter portion of the tracing, the ar "d 


. rhythmia was Heure by an electronic ventricular is n 


. complete blood count were normal; serum potassium was - 
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FIGURE 2. bale! 2. Mnt: tica dà aid T and U wave ab- 
normalities in a 24 year old man after Mellaril therapy. / 


FIGURE 3. Case 3. Right bundle branch block and S-T ahd TU 
ment abnormalities in a 30 year old woman after therapy with Mel- 
laril and Serentil tracing (tracing retouched). 


Hg, pulse 80/min. She responded to light sensory inia ij 
General examination was normal otherwise. Chest roent- 4 
genogram, serum electrolytes, blood chemistry values and - 








3.7 mEq/liter. An admission electrocardiogram | showed | 
sinus tachycardia with a large T-U complex. The patient . 
was observed to have several brief episodes of generalized id m 
tremor without loss of consciousness. During these periods - 
the electrocardiogram showed gross abnormalities of the — 
T-U complex (Fig. 5). After each seizure, the electrocardio- - 

gram was normal except for premature ventricular systoles 
(Fig. 5). Later that day, the electrocardiogram remained . | 
normal. On the following day, the patient was alert and was. E 
transferred to the psychiatric service. 5 


Case 6: A 73 year old woman had been trentdl for hyper- - 
tensive cardiovascular disease. She was admitted to a local  . 
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5. Gale. 5. Bizarre TU segment abnormalities and ventricu- 

| x r prer ture beats in a 19 year old woman with convulsive seizures 
aft : r overdoses of Stelazine and Tofranil. 
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IUS RM on March 21, 1972 with agitated depres- 
e n and was given Thorazine, 50 mg orally three times 
daily; Valium® (diazepam), 10 mg four times daily; and 
T ‘uinal® (sodium secobarbital-amobarbital) and Phener- 
- gan? (promethazine hydrochloride) at bedtime. On March 
= , 1972, she began to receive Aventyl® (nortriptyline hy- 
Ec d: rochloride), 25 mg three times daily. Electrocardiograms 
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ES - LIDOCAINE 4mg/min 

ES Vig GURE 6. Case 8. Electrocardiograms of a 71 year old woman re- 
iving Mellaril. Upper record, ventricular fibrillation. Middle record, 
`$ a brief period of sinus rhythm with a period of ventricular tachycardia 


rupted oy abnormal QRS complexes, Ho lidocaine infusion 
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intraventricular conduction time. Electrocardiograms op 


ps i x Apri 1 and 4 indicated left bundle branch block, and she 


had clinical signs of early heart failure. The patient was 


E TEN 


normal * i» 






te 


ke 


pe 


given digitalis and a diuretic agent. Administration of Tho- Re ae 
 razime and Aventyl was discontinued on April. 1 and gno 


April 6 the signs of heart failure had cleared and an electro- 


cardiogram no longer indicated bundle branch block. - | 
On October 13, 1973, because of another episode of de- 
pression, the patient was given Elavil® (amytriptyline hy- 


drochloride), 12.5 mg daily. An electrocardiogram showed 
left axis deviation with normal intraventricular conduction ARE 
time. Eight days later, left bundle branch block appeared. — 


Administration of Elavil was stopped, and 5 days later an 
electrocardiogram no longer indicated left bundle branch 
block. 


Cese 7: A 50 year old woman had chronic emotional dif- - 


ficulties. On July 8, 1972, before admission to a private 


general hospital, she had been in another hospital, where - 


she was given Thorazine, 100 mg orally four times daily. 
She was hospitalized on August 18 because of 2 days of 
chest pain followed by circulatory collapse. Her blood pres- 
sure could not be measured; the heart rate was 240/min. An 
electrocardiogram revealed regular supraventricular tachy- 
cardia with electrical alternans of the QRS complexes. 
Sinus rhythm was restored by carotid sinus pressure. The 
paroxysmal tachycardia recurred and responded to eleva- 


tion cf systemic blood pressure produced by infusion of Le- 


vophed® (levarterenol bitartrate); digoxin and quinidine 
therapy was begun and there were no further episodes of 
tachycardia. Because of her psychotic behavior, Thorazine 
therapy was reinstituted in smaller dosage. Electrocardio- 
grams during sinus rhythm showed apparently prolonged 
Q-T intervals and prominent U waves. These changes 
might have been related either to Thorazine or to quini- 
dine. The patient was discharged from the hospital on Sep- 
tember 2. The electrocardiogram at this time and on Sep- 
tember 16 was normal. An electrocardiogram 1 year later 
showed nonspecific S-T and T wave changes, possibly re- 
lated -o medication. 
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4 Case 8: A 71 year old woman had been in Longview State 


Hospital for 2 years because of depression. She was ambu- 
latory and was receiving Mellaril, 50 mg orally four times 
daily; Serentil, 25 mg orally three times daily; Valium, 5 mg 
orally four times daily; and Cogentin, 1 mg orally daily. On 
October 23, 1974 she was found unconscious and pulseless 
and was resuscitated. An electrocardiogram revealed multi- 
focal premature ventricular beats with bigeminy. Tracheal 
intubation was performed and an intravenous infusion of 
Aramine? (metaraminol bitartrate) was used to maintain 
her blood pressure. On her arrival at Cincinnati General 


- Hospital she had no respiration or pulse. During resuscita- 


tion she received direct current countershocks on 20 to 30 


occasions and the following intravenously administered. 
medications: Lidocaine, 300 mg; Pronestyl, 500 mg; sodium ` 


bicarbonate; Dilantin® (sodium diphenylhydantoin), 500 
mg; and potassium chloride, 60 mEq/liter. Multifocal pre- 
mature ventricular beats with runs of ventricular tachycar- 
dia continued (Fig. 6 and 7). After intravenous administra- 
tion of 2 mg Inderal? (propranolol hydrochloride), junc- 
tional rhythm (rate 35/min) was noted. Right ventricular 
pacing was instituted while she received lidocaine intrave- 
nously, 4 mg/min. The next morning ventricular tachycar- 
dia recurred, requiring cardioversion five times in the next 
hour; administration of Inderal, 0.1 mg/min intravenously, 
controlled the tachycardia. A semiquantitative study of her 
urine for phenothiazines* yielded an estimated daily dose 
of 100 to 400 mg/day. The next morning the pacemaker was 
turned off and the patient was alert and responsive and 
continued to have normal sinus rhythm (Fig. 7). Prominent 
U waves and occasional premature ventricular contractions 
were present. Serial electrocardiograms revealed no evi- 
dence of myocardial infarction. 


Discussion 


Actions of the Phenothiazines and Tricyclic 
Antidepressants on the Cardiovascular System 


The actions of the phenothiazines (such as thio- 
ridazine, chlorpromazine, trifluoperazine and mesor- 
idazine) on the cardiovascular system are complex, 
resulting from an interaction of the direct effects of 
the drugs on the heart and*blood vessels and indirect 
effects mediated by way of the central nervous sys- 
tem and autonomic reflexes. Hypotension, the most 
common cardiovascular effect of the phenothiazines, 
is due primarily to an inhibition of centrally mediat- 
ed pressor reflexes? but, in addition, the drugs pro- 
duce alpha adrenergic blockade, which contributes to 
the hypotensive effect. The hypotension is therefore 
principally the result of peripheral vasodilatation due 
to the effects on the autonomic nervous system com- 
bined with the direct action of the drugs on the pe- 
ripheral vasculature. The drugs also produce a direct 
depressant action on the myocardium and papillary 
muscle.? Relatively small concentrations of chlorpro- 
mazine and thioridazine have been shown to produce 
a negative inotropic response in guinea pig hearts.® 

Thioridazine and other phenothiazines have an- 
tiarrhythmic properties similar to those of quini- 
dine.^? In canine cardiac fibers? and in tissue ob- 
tained from human atria,!? both chlorpromazine and 
thioridazine decreased the overshoot of the action 
potential, decreased the maximal rate of rise during 
phase zero of the action potential, decreased the du- 
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ration and amplitude of phase 2 dud prolonged phase — 
3, or the repolarization phase of the action potential — 
Both drugs shifted the curve relating maximal rate of - 
rise of phase 0 to membrane potential downward and > 
to the right, indicating a decreased membrane re- - 
sponsiveness. These electrophysiologic effects of phe- - 


nothiazines are identical to those of quinidine.!! 


The tricyclic antidepressants, desipramine, imipra- - 


mine, amitriptyline, protriptyline and nortriptyline, - 
also have direct pharmacologic effects upon the . 
heart. These agents block norepinephrine reuptake 


by the heart!? and exert a quinidine-like action in- 


preventing experimental arrhythmias in rat, guinea 


pig and dog hearts. As with the phenothiazines, - 
small concentrations may produce an anticholinergic . 
effect.!° The tricyclic antidepressants may also pro- - 
duce a negative inotropic response. In dogs the intra- 
venous infusion of imipramine (7.5 mg/kg per hour) - 
produced hypotension, decreased the maximal rate of — 
rise of left ventricular pressure (dP/dt max) and re- 
duced cardiac output.!^ In rats and guinea pigs, ad- 


ministration of five tricyclic antidepressant com- 


pounds produced both negative inotropic and nega- 
tive chronotropic responses. In addition, electrophys- ` 
iologic effects similar to those produced by the phe- : 


nothiazines have been described.!^ 


Electrocardiographic Effects 


In addition to explaining the antiarrhythmic ac- 


tions of the phenothiazines and tricyclic antidepres- 


sants, the electrophysiologic studies explain the elec- 
trocardiographic effects of these drugs, namely, the — 


prolongation of the Q-T interval, decrease in T wave 
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amplitude and prominent U wave and, at larger con- | 


centrations, prolongation of the QRS interval. Simi- 


larity between the electrophysiologic effects of quini- 


dine and the phenothiazines and tricyclic antidepres- 
sants does more than explain the antiarrhythmic ac- 


tivity of the latter group. It also suggests that the © 


mechanism of the arrhythmogenicity of these drugs- 


is similar to that seen with quinidine toxicity, name- 


ly, facilitation of reentrant excitation as a result of - 


decreased conduction velocity and temporal disper- 
sion of action potentiation duration i in different types 
of cardiac fibers. 


|. In man, phenothiazine derivatives prolong the P- R 
and Q-T intervals, depress the S-T segments, and 


cause flattening and other deformities of the T 
wave.19!7 Repolarization abnormalities resemble 


those produced by quinidine.!? In the case of thio- - 


ridazine, approximately 50 percent of patients receiv- 


ing 100 to 400 mg/day were found to have some elec- — 
trocardiographic abnormality.!? The U wave. is fre- . 


quently increased in size.!? 
The electrocardiographic effects of tricyclic antide- 


pressants are similar to those produced by phenothi- - 


azines and occur in approximately 20 percent of pa- — 
tients receiving therapeutic doses. Imipramine . 
prolongs the Q-T interval, depresses the S-T seg- - 


ment, widens the QRS complex; decreases T wave 


amplitude and produces supraventricular, as well as 
ventricular, arrhythmias.!? 
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— Cardiac arrhythmias: In accidental or deliberate 

Ad Ei beste of phenothiazines or tricyclic antidepres- 

3 sants, cardiac arrhythmias are common. These in- 

 clude sinus tachycardia, atrial fibrillation, ventricular 

- fibrillation, A-V block and bizarre QRS com- 
ons 1820 


Review of Reported Cardiac Toxicity 


—. Phenothiazine drugs: Thioridazine toxicity may 
1 cause A-V conduction disturbances, ventricular ec- 
.. topic beats, ventricular tachycardia and ventricular 
- fibrillation. 21,22 In 1963, fatal heart block and ven- 
tricular tachycardia were reported in two patients re- 
4 ceiving large doses of thioridazine,” and a nonfatal 
ease was described in 1964.24 Hollister and Kosek?’ 
- described six examples of sudden death in otherwise 
; healthy patients receiving phenothiazine drugs. 

Richardson et al. implicated phenothiazines in 
` sudden death, and this concept was supported by 
- Leestma and Koenig?! and by Alexander.?? Leestma 
Es and Koenig?" reported fatal ventricular tachycardia 
- in a 24 year old woman receiving Thorazine, Mellaril 
- and Stelazine. Moore and Book?? reported 12 in- 
— stances of unexpected death without adequate ana- 
~ tomic explanation in patients receiving phenothi- 
- azine drugs. No electrocardiograms were available. 
— Giles and Modlin?! described fatal ventricular tachy- 
= cardia in a 19 year old man receiving Mellaril. 
— Crane’s review!? included two patients who had 
". probable ventricular fibrillation while receiving Tho- 
- razine. Alexander and Niño! described bundle 
branch block in one patient and heart failure in two. 
' "The review of Davis et al.?? included 10 deaths from 

— accidental or deliberate phenothiazine overdosage. 
— Tricyclic antidepressants: Complete A-V block 
— in one patient and intraventricular conduction defect 
— in another, associated with imipramine therapy, were 
— reported by Kristiansen?! in 1961. Edwards?? re- 
ae ported atrial fibrillation and ventricular tachycardia 
— ina 33 year old man after ingestion of 400 mg of 
b. Tofranil, 30 mg of Librium (chlordiazepoxide) and 25 







B 'ease, and ilie electrocardiogram returned to normal 
— after 80 hours. Smith and Rusbatch?? reported com- 
_ plete A-V block probably related to Aventyl therapy 
- in a 73 year old woman. Alexander and Nifo! re- 
E | ported atrial flutter in a 30 year old man receiving 
E^ tricyclic antidepressants. In a fatal case of imipram- 
` ine poisoning, atrial flutter, ventricular tachycardia 
~ and an intraventricular sonduction defect developed 
- in an'11 month old boy.?^ Williams and Sherter”° de- 
— scribed two patients with cardiac complications of 
tricyclic antidepressant therapy. A 27 year old 
E woman who took 1.6 g of Elavil in a suicide attempt 
had sinus bradycardia followed by refractory cardiac 
=- standstill. In a 37 year old man given imipramine, 25 
mg three times daily, while receiving Ismelin® sulfate 
- (guanethidine) for hypertension, profound bradycar- 
- dia was followed by fatal cardiac standstill. Roy and 
Scherrer?? described two patients who had severe left 
. heart failure apparently caused by PHADSDOUAC doses 
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of imipramine, although both had heart disease be- @ 
fore the drug was given.?? A 2 1/2 year old boy ingest- 
ed 500 to 600 mg of imipramine and manifested a su- 
praventricular tachycardia that responded to practo- 
lol therapy.?$ In two patients suicide was accom- 
plished by an overdose of a tricyclic antidepressant 
drug. In each case an intraventricular conduction de- 
fect was followed by cardiac arrest." A 58 year old | 
man with no history of heart disease experienced 
ventricular tachycardia, apparently related to Elavil 
therapy.?? 


Present Series 


Seven of our eight patients described had cardiac 
arrhythmias or conduction disturbances, or both, 
while receiving therapeutic doses of psychotropic 
drugs. The one patient with a drug overdose had bi- 
zarre abnormalities of the T-U complex. Only one of 
the eight patients had definite underlying heart dis- 
ease although the possibility of its presence is diffi- 
cult to discard in two other patients who were more 
than 60 years of age. The other five patients were 50 — 
years old or younger; one of them had a preexisting 
intraventricular conduction defect without other evi- 
dence of heart disease. 

Our eight patients included five receiving thera- 
peutic doses of Mellaril who had ventricular tachy- 
cardia or ventricular fibrillation, or both, that was 
fatal in one case. Two of these patients were in their 
60's but three were in their 30's; none had documen- 
tation of associated heart disease. One patient had 
heart failure and left bundle branch block related to 
the tricyclic antidepressant Elavil. One had paroxys- 
mal supraventricular tachycardia while receiving the 
phenothiazine Thorazine. The lack of associated 
heart disease or history of previous or later cardiac 
arrhythmias in these patients indicates that these ab- 
normalities were probably drug-related. Three pa- 
tients with major arrhythmias were younger than age 
35 years, thus further suggesting that the psychotro- 
pic drugs were responsible for the arrhythmia. Most 
of these patients were receiving more than one psy- 
chotropic drug when the arrhythmia appeared. It is 
difficult to estimate the cardiac effects of combina- 
tions of these agents. 


Surveys 


The Boston Collaborative Drug Surveillance Pro- 
gram examined the relation between therapy with 
tricyclic antidepressant drugs and cardiovascular 
complications in 260 of 11,526 hospitalized patients 
receiving these drugs.? There was no significant in- 
crease of cardiovascular complications, either in 
these 260 patients or in 80 of 4,074 patients with car- 
diovascular disease who had received these agents. 
Coull et al.?9? used a hospital-based drug information 
system to study the relation between tricyclic antide- 
pressant drugs and unexpected death in patients 
with cardiac disease. Six of 53 patients with cardiac 
disease died suddenly while receiving amitriptyline; 
none of 53 matched control subjects died suddenly. 
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2 This high frequency of unexpected death was not 


found in patients who received imipramine, nor in 
patients without cardiac disease who received ami- 
triptyline. A further analysis indicated that imipram- 
ine might be important in causing cardiac arrhyth- 
mias in cardiac patients, but the numbers were too 
small for statistical analysis.?:49 


Treatment of Cardiovascular Toxicity of the 
Phenothiazines 


Once the phenothiazines are absorbed, little can be 
done to enhance their elimination because these 
drugs are (1) highly bound to plasma proteins, and 
(2) their principal metabolic pathways are in the liver 
and the metabolites are excreted by way of the biliary 
system. The urine contains relatively little of these 
drugs. Thus, both hemodialysis and peritoneal dialy- 
sis have been unsuccessful in enhancing the removal 
of these agents. This lack of specific treatment for 
phenothiazine toxicity requires that therapy be di- 
rected toward control of the cardiovascular complica- 
tions until the natural course of metabolism and ex- 
cretion has reduced tissue levels to the nontoxic 
range. 

Arrhythmias: Ventricular tachyarrhythmias con- 
sequent to phenothiazine toxicity should be treated 
in the same manner as quinidine-induced ventricular 
tachycardia. Since the electrophysiologic actions of 
both quinidine and procainamide are identical to 
those of the phenothiazines, it is unlikely that either 
drug would abolish the tachyarrhythmia and, indeed, 
each may aggravate the already existing underlying 
electrophysiologic abnormality. Because the pheno- 
thiazine-induced arrhythmias may result from en- 
hanced reentrant excitation secondary to reduced 
conduction velocity, it would appear logical to use a 
drug that enhances conduction velocity in myocardial 
fibers. In this respect lidocaine appears to be a drug 
of choice, and ventricular tachyarrhythmias should 
be treated with repeated bolus injections or continu- 
ous intravenous infusions of this agent. Abolition of 
ventricular ectopic activity with lidocaine may un- 
mask an underlying sinus bradycardia or sinus arrest 
with slow idioventricular response, in which case a 
transvenous pacemaker may have to be inserted. If 
the tachyarrhythmia fails to respond to lidocaine and 
there are repeated episodes of ventricular fibrillation 
or ventricular tachycardia, a transvenous pacemaker 
should be used in an attempt to overdrive the ven- 
tricular tachycardia. With the pacemaker in place, 
further antiarrhythmic drugs can be given without 
the risk of adding the hemodynamic complications of 
bradycardia to an already precarious situation. In 

one of our eight patients, the ventricular tachyar- 
rhythmia failed to respond to lidocaine and could be 
controlled only by intravenous administration of pro- 
pranolol, of 0.1 mg/min, given with a transvenous 
pacemaker in place. Because of the tendency of pro- 
pranolol to produce a bradyarrhythmi; 
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junction with a transvenous endocardial EUREN. 
Ventricular fibrillation should, of course, be treated 
with immediate direct current countershock. 

Hypotension: In addition to causing tachyar- | e. 
rhythmias, phenothiazine toxicity may result in sig- - 
nificant hypotension, which may improve with cor- E 
rection of the tachyarrhythmia. If the blood pressure . 
does not increase after control of the arrhythmia, the " 
hypotension should be treated with pressor agents — 
after initial intravenous administration of fluids to A 
correct the relative intravascular hypovolemia. Since — 
psychotropic drugs have a direct effect on the myo- 
cardium, rapid volume replacement may precipitate . 
acute left heart failure or pulmonary edema. When . 
rapid volume replacement is contemplated, it is ad- - 
visable to monitor the pulmonary arterial wedge . 
pressure with a Swan-Ganz catheter. Failure of the 
hypotension to respond to volume replacement may — 
necessitate the use of a pressor agent such as horney : 
nephrine or methoxamine. 

Treatment of the cardiovascular toxicity of the 
tricyclic antidepressants should be similar to th abt 
suggested for phenothiazine toxicity. Since some of — 
the arrhythmias induced may reflect cholinergic 
blockade, the effect of intravenously administered . 
physostigmine should be assessed before using more 
vigorous therapy such as intracardiac pacing. 

Cardiac failure: Both groups of drugs have nega d 
tive inotropic effects that, at least in the case of the — 
tricyclic antidepressants, are responsive to the ad- | T 
ministration of a cardiac glycoside.*! Therefore, car- : 
diac failure supervening during the course of toxicity — 
of agents of either group should be treated in the . 
usual fashion with digitalis and diuretic drugs. — 
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Conclusions 


The association between psychotropic drugs ànd à 
electrocardiographic changes, cardiac arrhythmias . 
and sudden death has been well documented. How-  _ 
ever, the experience reported here emphasizes certain — 
aspects of the relation. Previous communications : 
have dealt primarily with the risk of major arrhyth- . 
mias or sudden death in patients who receive a toxic 
drug overdose or who have underlying heart disease. - 
Our experience demonstrates that major and even . 
fatal ventricular arrhythmias can occur in young - 
adults, without previous heart disease, who are re- - 
ceiving usual therapeutic doses of psychotropic . 
agents. Most writings have emphasized the arrhyth- — 
mogenic potential of the tricyclic antidepressant . 
agents; in our experience, the phenothiazine Mellaril . 
was the principal offender. d 

The experience reported here demonstrates the 
need for further studies to quantify the risk of thera- 
py with large doses of psychotropic agents. Two . 
kinds of studies are suggested: retrospective studies  : 
comparing the incidence of sudden death in hospital- : 
ized patients receiving large doses of psychotropic — 
agents and in a matched control population as well as 
prospective studies in similar groups. Previous hospi- — 
tal surveys have examined primarily the risk of tricy- — 


diua ma 


w^ ^ 
usce 


"à 
Boe a 


PL a Ao een dB... 248 —-4 PAPI AAU å laLa AY AAA 





ERROR TITY S ts 


ae SIS QU EK 
/THMIAS AFTER PSYCHOTROPIC. DRUGS—FO! 


References 


. Alexander CS, Nifio A: Cardiovascular complications in young 


patients taking psychotropic drugs. A preliminary report. Am 


n .. . Heart J 78:757-769, 1969 


. Moir DC, Cornwell WB, Dingwall-Fordyce I, et al: Cardiotoxicity 


- . of amitriptyline. Lancet 2: 561-564, 1972 

_ 3. Collaborative Drug Surveillance Program. Report from Boston. 
A — Adverse reactions to the tricyclic-antidepressant drugs. Lancet 
En 1:529-531, 1972 
= 4. Forrest IS, Forrest RM: Urine color test for the detection of 
—— phenothiazine compounds. Clin Chem 6:362-363, 1960 





. Jarvik ME: Drugs in the treatment of psychiatric disorders. In, 


The Pharmacological Basis of Therapeutics, fourth edition 


-. (Goodman LS, Gilman A). New York, Macmillan, 1970, p 162 
6. Hollander PB, Cain RM: Effects of thioridazine on transmem- 


brane potential and contractile characteristics of guinea pig 


hearts, Eur J Pharmacol 16:129-135, 1971 
— 7. Madan BR, Pendse VK: Antiarrhythmic activity of thioridazine 


hydrochloride (Mellaril). Am J Cardiol 11:78-81, 1963 


. Arora RB, Madan BR: Chlorpromazine in experimental cardiac 


arrhythmias. J Indian Med Assoc 26:262-264, 1956 


. Arita M, Surawicz B: Electrophysiologic effects of phenothi- 
azines on canine cardiac fibers. J Pharmacol Exp Ther 184: 


.— 619-630, 1973 


. Arita M, Surawicz B: Electrophysiologic effects of phenothi- 
azines on human atrial fibers. Jap Heart J 14:398—405, 1973 
. Bassett AL, Hoffman BF: Anti-arrhythmic drugs: electrophysio- 


logical actions. Annu Rev Pharmacol 11:143-170, 1971 


" ; 12. Schmitt H, Cheymol G, Gilbert JC: Effets anti-arythmisants et 








- 


AN 
od 


Bed 
E - 
B. 
rd 
3 

i ği 

k 

à : 

f À 


ETTET 
1 "Ts vagi Mes Vt 
3° Y. 


hémodynamiques de l'imipramine et de la chlorimipramine. Arch 


.. Int Pharmacodyn Ther 184:158-174, 1970 
. Raisfeld IH: Cardiovascular complications of antidepressant 


therapy. Interactions at the adrenergic neuron. Am Heart J 83: 
129-133, 1972 


. Van de Ree JK, Zimmerman ANE, Van Heijst ANP: Intoxication 


with tricyclic antidepressants. Hemodynamic consequences. 
Eur J Toxicol 5:302—-305, 1972 


. Langslet A, Johansen WG, Ryg M, et al: Effects of dibenzipine 


and imipramine on the isolated rat heart. Eur J Pharmacol 14: 
333-339, 1971 


. Crane GE: Cardiac toxicity and psychotropic drugs. Dis Nerv 


Syst 31:534—539, 1970 


. Arita M, Mashiba H: Effects of phenothiazine and propranolol 


on ECG. Jap Cire J 34:391-400, 1970 


18. Surawicz B, Lasseter KC: Effect of drugs on the electrocardio- 


gram. Prog Cardiovasc Dis 13:26-55, 1970 


. Huston JR, Bell GE: The effect of thioridazine hydrochloride and 


chlorpromazine on the electrocardiogram. JAMA 198:16-20, 
1966 


. Williams RB Jr, Sherter C: Cardiac complications of tricyclic 


antidepressant therapy. Ann Intern Med 74: 395—398, 1971 


likely to be used. Further, the proposed study should & 


include the phenothiazine drugs, especially thioridaz* 
ine, and should not be restricted to elderly patients 
Or those with heart disease. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


Giles TD, Modlin RK: Death associated with ventricular arrhyth- 
mia and thioridazine hydrochloride. JAMA 205:108- 110, 1968 
Schoonmaker RW, Osteen RT, Greenfield JC Jr: Thioridazine 
(Mellaril)-induced ventricular tachycardia controlled with an arti- 
ficial pacemaker. Ann Intern Med 65:1076- 1078, 1966 

Kelly HG, Fay JE, Laverty SG: Thioridazine hydrochloride (Mel- 
laril): its effect on the ECG and a report of two fatalities with 
ECG abnormalities. Can Med Assoc J 89:546-554, 1963 
Desautels S, Filteau C, St-Jean A: Ventricular tachycardia as- 
sociated with administration of thioridazine hydrochloride (Mel- 
laril). Can Med Assoc J 90:1030- 1031, 1964 

Hollister LE, Kosek JC: Sudden death during treatment with 
phenothiazine derivatives. JAMA 192:1035-1038, 1965 
Richardson HL, Graupner KE, Richardson ME: Intramyocardial 
lesions in patients dying suddenly and unexpectedly. JAMA 
195:254-260, 1966 

Leestma JE, Koenig KL: Sudden death and phenothiazines. 
Arch Gen Psychiatry 18:137—148, 1968 

Alexander CS: Cardiotoxic effects of phenothiazines and relat- 
ed drugs. Circulation 38:1014-1015, 1968 

Moore MT, Book MH: Sudden death in phenothiazine therapy. 
Psychiatr Q 44:389-402, 1970 l 

Davis JM, Bartlett E, Termini BS: Overdosage of psychotropic 
drugs. A review. Parts | and Il. Dis Nerv Syst 29:157-164 and 
246—256, 1968 

Kristiansen ES: Cardiac complications during treatment with im- 
ipramine (Tofranil). Acta Psychiatr Scand 36:427—442, 1961 
Edwards AL: Imipramine myocardial toxicity. NY State J Med 
64:1979- 1982, 1964 

Smith RB, Rusbatch BJ: Amitriptyline and heart block. Br Med J 
3:311, 1967 

Fouron J-C, Chicoine R: ECG changes in fatal imipramine 
(Tofranil) intoxication. Pediatr 48:777—-781, 1971 

Roy A, Scherrer P: A propos des complications myocar- 
diopathiques induites par l'imipramine et les thymoleptiques tri- 
cycliques. Ann Med Psychol 2:260-265, 1972 

Brown KGE, McMichen HUS, Briggs DS: Tachyarrhythmia in 
severe imipramine overdose controlled by practolol. Arch Dis 
Child 47:104—106, 1972 

Sedal L, Korman MG, Williarfis PO, et al: Overdosage of tricy- 
clic antidepressants. Med J Aust 2:74-79, 1972 | 
Scollins MJ, Robinson DS, Nies A: Cardiotoxicity of amitripty- 
line. Lancet 2:1202, 1972 

Coull DC, Dingwall-Fordyce I, Crooks J, et al: Amitriptyline and 
cardiac disease. Lancet 2:590-591, 1970 

Moir DC: Annotations. Tricyclic antidepressants and cardiac dis- 
ease. Am Heart J 86:841-842, 1973 

Laddu AR, Somani P: Desipramine toxicity and its treatment. 
Toxicol Appl Pharmacol 15:287-294, 1969 


PEDE oe. mm I NOTES um ^ UNTEN mS UTEM LER Ea eat TEETE 


CHERRY VUES AT 


HR 


' Significance of A-H Interval in Patients With 





VEO AAS A EE UAE 
f ee Va. 3 ory Ny 


DR ERES TR TEE Rg E a E 


qm 3*4 "m RAPE -r TN PR a a gaor, To 
2 "I mE i cx zy Y. PU du ARRIE "ET. pu CL av. ^ Ju. ARCA 
~ . - " PR: 





Chronic Bundle Branch Block a 
Clinical, Electrophysiologic and Follow-Up Observations | ae E 


RAMESH C. DHINGRA, MD, FACC 
CHRISTOPHER WYNDHAM, MD 
FERNANDO AMAT-Y-LEON, MD 
DELON WU, MD 

PABLO DENES, MD, FACC 
WILLIAM D. TOWNE, MD, FACC 
KENNETH M. ROSEN, MD, FACC 


Chicago, Illinois 


From the Sections of Cardiology, Abraham Lin- 
coln School of Medicine, University of Illinois 
College of Medicine, the West Side Veterans’ 
Administration Hospital, and Cook County Hos- 
pital, Chicago, Ill. This manuscript was support- 
ed in part by NIH contract 71-2478 under the 
Myocardial Infarction Program, National Heart 
and Lung Institutes, National Institutes of Health, 
Bethesda, Md., U. S. Public Health Service 
Training Grant HL-05879-05S1, and Basic Insti- 
tutional Support of the West Side Veterans’ Ad- 
ministration Hospital, Chicago, Ill. 


3 


His bundle electrograms were recorded in 308 adults with chronic bun- 
die branch block. The A-H interval was normal in 249 patients and pro- 
longed in 59. Comparison of patients with normal and prolonged A-H - 
intervals revealed a greater incidence of demonstrable organic heart - 
disease in the latter (P <0.01). Dyspnea, cardiomegaly and conges- 
tive heart failure were more frequent in patients with A-H prolongation. - : 
These patients also had longer P-R intervals and atrioventricular (A-V) — 
nodal effective refractory periods, lower paced rates producing second 4 
degree A-V block proximal to the His bundle and a greater frequency - 
of H-V prolongation. E 
All patients were prospectively followed up in a conduction disease 
clinic with mean follow-up periods (+ standard error of the mean) of 
523 + 23 and 588 + 47 days in the patients with normal and prolonged - 
A-H intervals, respectively. Seven (3 percent) of the patients with a 
normal A-H interval had A-V block with probable or definite site of - 
block proximal to the His bundle in three and distal to the His bundle in - 
four. In five of the six patients with a prolonged A-H interval who expe- 
rienced A-V block (10 percent), the probable or definite site of block - 
was proximal to the His bundle. Mortality (both sudden and nonsud- . 
den) was not significantly different in the patients with normal and pro- 
longed A-H intervals. 4 
In summary, A-H prolongation was associated with increased inci- 
dence of organic heart disease and myocardial dysfunction. The risk of © 
development of A-V nodal block was greater in patients with a pro- 
longed A-H interval but appeared to be of minimal clinical significance. 
‘a 
The A-H interval is a measure of conduction from the low right atri- 
um to the His bundle and reflects atrioventricular (A-V) nodal con- 
duction time.!-^ Prolongation of the A-H interval suggests A-V nodal. 
dysfunction and could possibly predict the subsequent development: 
of A-V nodal block.°:® 
There is little information concerning the characteristics of pa- 
tients with a prolonged A-H interval and no information concerning 
the prognostic significance of this interval.55.^5 In this study, we re- 
port on a large series of patients with chronic bundle branch block 
and intact A-V conduction, contrasting those with normal and pro- 
longed A-H intervals. | 


Material and Methods 
Patient Selection 


The study group consisted of 308 patients with bundle branch block. There. i 
were 252 patients with right bundle branch block (201 with left axis devia- 
tion, 29 with right axis deviation and 22 with normal axis), and 56 with left | 
bundle branch block. These patients were detected through screening of all 
inpatient and outpatient electrocardiograms in the Chicago West Side Medi- - 
cal Center (Cook County Hospital, the West Side Veterans Administration — 





a Hospital and the University. ‘of Illinois Hospital) by mem- 
peat of the respective cardiology departments for the pres- 


~ ence of conduction disease.?!? In addition, some patients 
-were referred to us for electrophysiologic studies and fol- 
low-up in our conduction clinics in the greater Chicago 
rea. The majority of the patients (174 of 308) were asymp- 
| s, ‘tomatic at the time of initial evaluation. 

— A Criteria for inclusion in this study were: (1) presence of 
- chronic bundle branch block (the majority had bifascicular 
* block), (2) obtaining of informed consent for electrophysio- 
Er logic studies, and (3) voluntary agreement to periodic ex- 
- amination in a conduction disease clinic. Patients who had 
- second or third degree A-V block before or at the time of 
y * initial study and patients with acute myocardial infarction 
| were excluded. The total group consisted of 238 men and 
_ 70 women aged 18 to 93 years who were detected and stud- 
— jed between January 1970 and December 1974 and followed 

oup through March 1975. 

T This group of patients with bundle branch block was 
P | chosen for analysis of the A-H interval for the following 
ag reasons: (1) Patients with bundle branch block have a sig- 
Ernte incidence of A-H prolongation, allowing us to con- 
— trast a large number of patients with normal and prolonged 
-— A-H intervals. (2) Complete electrophysiologic studies were 
os available for all patients. (3) All initial and follow-up data 
_ have been key-punched and stored on disc, facilitating sta- 
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— tistical analysis. (4) Prospective follow-up data are com- 
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> Bio and routine Eee tests. A clinical diagnosis was 
- established for each patient on the basis of this evaluation. 
S Previously described criteria were utilized for diagnosis of 
~ organic heart disease." Primary conduction disease was 
. diagnosed if heart size was normal and there was no clinical 


evidence of aem heart disease with the exception of in- 


X - His bundle Slestrügrüms were recorded, utilizing pre- 
~ viously described catheterization techniques, in all patients 
_ at the time of entry into the study.?!! Cardiac drugs were 
p withheld for at least 48 hours before the study. Atrial pac- 
__ ing at increasing heart rates was utilized for demonstration 
of latent conduction defects. His bundle pacing was not 
- performed for validation of His bundle potentials. 

— — The following intervals (mean + 2 standard deviations) 
~ were measured during sinus rhythm": (1) P-A (normal 27 
: B. + 18 msec), a measure of intraatrial conduction, was mea- 
B. ‘sured from the onset of the P wave to the first rapid deflec- 
~ tion of low right atrial electrogram. (2) A-H (normal 92 + 
_ 38 msec), a measure of A-V nodal conduction, was mea- 
sured from the first rapid deflection of the low atrial elec- 
"trogram to the first high frequency potential of the His 
_ bundle electrogram. (3) H-V (normal 43 + 12), à measure 
_of intraventricular conduction in the distal His bundle and 
- bundle branches, was measured from the first high fre- 
‘quency potential of the His bundle electrogram to the 
- onset of the QRS complex in the surface electrocardiogram. 


-and reflect the mean of 10 consecutive sinus beats. Sinus 
nodal recovery time (normal 988 + 692 msec) was mea- 
| sured as the mean of three determinations after sudden 
cessation of atrial pacing at a rate of 130/min.!! Refractory 
i - periods of the atrium, A-V node and His-Purkinje system 
ke were measured with the atrial extrastimulus technique, as 
- previously described.!? 
ke. 
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P intervals were measured at a paper speed of 200 mm/sec — 


Patient Follow-Up 


After initial study, all patients were NIRSO fol? - 
lowed up in a conduction disease clinic at intervals of 1 to 3 
months. A complete history and physical examination, to- 
gether with a 12 lead electrocardiogram, were obtained at — 
each clinic visit. Portable tape recorder monitoring or pro- 
longed inpatient electrocardiographic monitoring, or both, 
was utilized when transient bradyarrhythmias were sus- 
pected. In patients with developing A-V block, an attempt 
was made to define the site of block, utilizing clinical and 
surface electrocardiographic data.!?-!^ His bundle electro- 
grams were repeated in some of the patients during epi- 
sodes of A-V block. Permanent pacemakers were implanted 
only in symptomatic patients with documented bradyar- 
rhythmias. Asymptomatic patients manifesting higher — 
grades of A-V block were followed up closely, without pace- 
maker implantation. | 

For data analysis, all information at the time of initial 
evaluation and subsequent clinic visits was keypunched 
and stored on IRS database discs. Specifically designed 
programs were used for data recall and statistical analysis. 
A standard t test was used to test the significance of differ- 
ences in means, and the 2 by 2 chi-square method with 
Yates correction for continuity was used for frequency data — 
analysis. Data on survival rates were analyzed utilizing pre- 
viously described life table methods.!6 


Results 


On the basis of electrophysiologic studies, the 308 
patients were classified into two groups: normal A-H 
group, 249 patients with a normal A-H interval (130 
msec or less), and prolonged A-H group, 59 patients 
with a prolonged A-H interval (131 msec or greater). 

Clinical data: The mean age (+ standard error of 
the mean) was 60.7 + 1.9 years for the normal A-H 
group and 61.3 + 2.3 years for the prolonged A-H 
group (difference not significant [NS]). There were 
194 men and 55 women in the normal A-H group and 
44 men and 15 women in the prolonged A-H group 
(NS). 

The prevalence of specific categories of heart dis- 
ease in the 308 patients is presented in Table I. Pri- 
mary conduction disease was more conimon in pa- 
tients with a normal A-H interval (P «0.05). Similar- — 
ly, organic heart disease was more common in pa- 
tients with a prolonged interval. There were no sig- 
nificant differences in the prevalence rates of specific 
disease categories in patients in the normal and pro- 
longed A-H groups. | 

'The frequency of selected clinical findings are pre- 
sented in Table II. Dyspnea, congestive heart failure - 
and cardiomegaly by chest roentgenogram were sig- 
nificantly more common in the prolonged A-H group. 
Most of the patients with a normal A-H interval were 
asymptomatic (New York Heart Association func- 
tional class I), whereas the majority of patients with a 
prolonged interval were symptomatic (classes II to 
IV) (P «0.001). 

Electrocardiographic data (Table III): P-R in- 
tervals were significantly longer in the patients with 
A-H prolongation (P «0.001). Although most of the 
patients with left bundle branch block had a normal 
A-H interval, comparison of the two groups Spooks 
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TABLE II 
Clinical Data in 308 Patients 


Prolonged - 


Interval” 


FEES 
A 


P 3 o n » ar iu SNS N ca 
ui ces Sq VOR EHI US e big EE 
Previous. myocardial infarction 
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-CHF = congestive heart failure: NS - not significant NYHA = New ' 
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Roetiortwsblogie t Data i in ,308 Patients. Siti x À 


Heart rate (beats/min) 

P-A interval (msec) 

H-V interval (msec) 

H-V interval (>55 lida 

Atrial ERP (msec) 

A-V nodal ERP (msec) 

His-Purkinje ERP (msec) 

Atrial pacing 
Rate producing 2° block 

proximal to His bundle (beats/min) - 

Sinus recovery time (msec) 


ERP = effective refractory period. > 


a banti higher proportion of Dita with left 
bundle branch block in those with a prolonged A-H 
interval (P «0.01). Right bundle branch block was 
more prevalent in the normal A-H group (P <0.01). 
Electrophysiologic data (Table IV): Cae 
there was no significant difference in the mean values - 
of H-V intervals in the two groups, the frequency of _ 
H-V prolongation (>55 msec) was significantly great- 
er in the prolonged than in the normal A- 
<0.05). As expected, A-V nodal effective refractory 
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NS | periods w were e longer and Didot heart rates producing. 
A | second degree heart block proximal to the His bundle 
. were lower in patients with a prolonged A-H interval. 
The effective refractory period of the His-Purkinje- 
system could be determined in 16 patients with a 
normal A-H interval, and in only one patient with a 
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Follow-up data—development of A-V block’ 
The overall follow-up period ranged from 21 to 1 144. 
days (mean + standard error of the mean 523 + 23: 
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. Follow-Up Observations in Patients With Normal and Prolonged A-H Intervals Who Had A-V Block 








k, B Case A-H Interval Degree (and Type) Nature of Day of Site of Probable Mode of 
end. (msec) of A-V Block A-V Block Occurrence A-V Block Cause Treatment 
t 2 cOH77R. PU  D& YAQEP Gm AGIT AR M INNO. RIMIS NI o TET IER UO SEND MN MENOS PO DIDI I A D pe Nas Na R^. U^ >. : 
o Normal A-H Group 

Bet 1 125 2^ (1,11) Chronic 71 Prox* Idiopathic PMR 
Bye. 2, 125 2° (1, M) Intermittent 85 Proxt Idiopathic PMR 
ES 120 2° (11); 3° Intermittent 406 Dist* Idiopathic PMR 
m4 91 2° (11); 2:1-4:1 Transient 6. Distt Hyperkalemia Med 

B 5 - 115 2:1 Transient 1059 Distt Hyperkalemia Med 
bas. 6 92 2° (1) Transient 136 Proxt Digitalis Med 

E 7 89 2° (11) Intermittent 351 Dist* Acute ASMI PMR 

3 en i a BIET M 








3 * Site of A-V block was established by His bundle studies. 


: proxima to the His bundle. 





Bone VI 


Prolonged A-H Group 


EEUU TUMM———————————————MÁÁ MÀ ia tiii n a. EE E 
H8 140 2° (1) Intermittent 17 Proxt Idiopathic None 
"9 138 2° (1) Intermittent 398 Prox* Idiopathic PMR 
.10 139 2^(1):2:1 Chronic 481 Proxt Idiopathic None 
11 210 2° (1) Transient 5 Prox* Hyperkalemia Med 
12 190 2° (1) Transient 925 Proxt Digitalis Med 
13 300 2:1 Chronic 58 Distt Postsurgery PMR 





Site of A-V block suggested by clinical and electrocardiographic finding. 
- ASMI = anteroseptal myocardial infarction; Dist = distal to the His bundle; Med = medical; PMR = permanent pacemaker insertion; Prox = 


$ Comparative Cumulative Mortality Rates of Normal and Prolonged A-H Groups 
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Sy 








ie , Normal A-H Interval (249 patients) Prolonged A-H Interval (59 patients) 

t I Patients Exposed Patients Exposed 

Rr Mortality Rate + To Risk of Mortality Rate + To Risk of 

E | Standard Error (96) Dying (no.) Standard Error (96) Dying (no.) P 

3 Cumulative mortality rate 

e 1st year 19 «2 214 19+5 55 NS 

Ba 2nd year 25+3 118 30+6 33 NS 

h 3rd year 30 *4 52 41+8 14 NS 

Ke? Mortality due to sudden death 

Vic 1st year 10+2 211 10+4 53 NS 
f 2nd year 13.2 2 109 12+4 32 NS 

3rd year 15+3 45 19+7 13 NS 





— NS- not significant; P = probability. 


_ and 588 + 47 days for the normal and prolonged A-H 
— groups, respectively). Thirteen patients manifested 
- second or third degree A-V block during the follow- 
up period. The circumstances under which the block 
_ occurred, the day of occurrence, its probable or defi- 
- nite site and mode of treatment are presented in 
| S Table V. 
` Seven patients (3 percent) in the normal A-H 
"group had A-V block during the follow-up period. 
. The site of block (as determined by clinical and elec- 
_ trocardiographic data with or without His bundle re- 
y _cordings) was proximal to the His bundle in three pa- 
"tients and distal to the His bundle in four. Three of 
_ these seven patients were asymptomatic at the time 
t - of initial studies; of the other four, two had conges- 
_ tive heart failure and two had anginal chest pain. Six 
. patients (10 percent) in the prolonged A-H group had 
PA-V block during the follow-up period. In five of the 
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six, the site of block was considered proximal to the 
His bundle. Three of the six were asymptomatic at 
the time of initial evaluation and the other three had 
congestive cardiac failure. In none of the 13 patients 
manifesting A-V block was the block rate-related. 

Three (1 percent) of 249 patients with a normal 
A-H interval manifested block proximal to the His 
bundle, in contrast to 5 (8 percent) of 59 patients 
with a prolonged A-H interval. Thus, the incidence of 
development of block proximal to the His bundle was 
significantly greater in the prolonged A-H group (P 
<0.05). 

Annual cumulative total mortality rates (through 
3 years), as well as cumulative mortality due to sud- 
den death for the normal and prolonged A-H groups, 
are presented i in Table VI. There were no significant 
differences in mortality rates when comparing the 
two groups. 
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Discussion 


Alanis et al.! reported the recording of His bundle 
electrograms from electrodes directly applied to the 
bundle of His in isolated perfused canine hearts. The 
interval between low atrial and His bundle activation 
(A-H interval) was considered to be a measure of A-V 
nodal conduction time. This conclusion was support- 
ed by Hoffman et al.,? who recorded the electrical ac- 
tivity of the A-V conduction system in intact animals 
during total cardiopulmonary bypass through small 
electrodes attached to the endocardium. Scherlag et 
al? and Damato et al.* recorded His bundle activity 
in man and suggested that the A-H interval was a 
measure of A-V nodal conduction. Subsequent stud- 
ies demonstrated that both atropine and isoprotere- 
nol decreased the A-H interval, whereas digitalis and 
propranolol lengthened it.!^-!? 

Significance of A-H prolongation: Prolongation 
of the A-H interval suggests A-V nodal dysfunction. 
Pathologic studies in a few patients with A-H prolon- 
gation or second degree block proximal to the His 
bundle (or both) have demonstrated involvement of 
the A-V node and its approaches.?9-?? 

The A-H interval is usually prolonged in patients 
with first degree A-V block and a narrow QRS com- 
plex, suggesting A-V nodal disease.*? A-H prolonga- 
tion is often associated with acute diaphragmatic in- 
farction and digitalis intoxication.???^ In patients 
with bundle branch block or other intraventricular 
conduction defect, prolongation of A-H intervals 
suggests additional disease in the A-V node.?!?? Pro- 
longed A-H intervals were present in 14 (13 percent) 
of 113 patients with right bundle branch block de- 
scribed by Narula et al., 3 (15 percent) of 19 pa- 
tients with right and left bundle branch block de- 
scribed by Scheinman et al., and 21 (33 percent) of 
63 patients with both right and left bundle branch 
block described by Levites et al. However, the latter 
series included many patients with first degree A-V 
block. The data from our series are in general agree- 
ment with findings in these previous studies, A-H 
prolongation being present in 19 percent of our cases 
with a 30 percent incidence rate of first degree A-V 
block. 

Myocardial disease versus primary conduction 
disease: The clinical profile of patients with a pro- 
longed A-H interval revealed several interesting fea- 
tures. A-H prolongation was associated with in- 
creased prevalence of signs and symptoms of myocar- 
dial disease. In contrast, primary conduction disease 
(bundle branch block without demonstrable organic 
heart disease) was more common in the normal A-H 
group. The association of a prolonged A-H interval 
with a greater incidence of myocardial dysfunction 
suggests possible involvement of both the myocar- 
dium and the A-V node with similar disease pro- 
cesses. There was also a greater proportion of pa- 
tients with left bundle branch block in the prolonged 
A-H group. This finding is consistent with the results 
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of a study in 20 patients with left bundle babel " 
block reported by Levites and Haft.? The association — 
of left bundle branch block and A-H prolongation is . 
in keeping with the association of significant organic — 
heart disease with this intraventricular conduction e. 
defect.?5.29 | 
A-V nodal dysfunction: The prevalence of a pro- 5 
longed H-V interval was significantly greater in pars wat 
tients with a longer A-H interval, thus suggesting an - 
association of A-V nodal and intraventricular con- 
duction disease.!? There was no significant difference — 
in P-A interval or atrial refractory periods between | 
the two groups. However, as expected, the A-V nodal = 
effective refractory periods were longer in patients — 
with a prolonged A-H interval, and second degree | 
block proximal to the His bundle occurred at lower E 
paced heart rates in these patients. The presence of . ‘ 
A-H prolongation also limited evaluation of the His- M 
Purkinje system utilizing extrastimulus technique, E 
since in all but one patient in the prolonged A-H - 
group (29 tested with extrastimulus), A-V conduction. 1 
was atrial- or A-V nodal-limited. ^d 
A-V block: In our 13 patients with dévelop of. j 
A-V block, we attempted to define the site of block. : 
Documented progression of conduction disease was E 
uncommon, occurring only in 4 percent of the 308 WU E 
tients of the total group. The site of block was at the - 
A-V node in more than half (8 of 13 patients). The 
risk of A-V nodal block was significantly higher in. 1 
patients with a prolonged A-H interval. Spontaneous . 
(idiopathic) development of A-V block was an infre- - 
quent finding (2 percent), occurring both proximal 3 
and distal to the His bundle in both groups, the for- — 
mer site being more common in patients with A-H 5 
prolongation. A-V block occurred in patients both - à 
with and without symptoms. i 
Our data suggest that prolonged A-H interval doce 
not predispose to digitalis-induced second degree © 
A-V block, since only one of our patients in the pro- 3 
longed A-H group had this manifestation of digitalis - i 
intoxication, even though almost all patients with 1 
clinical congestive failure (Table II) were receiving - 
maintenance doses of digoxin (0.25 to 0.5 mg daily) ia 
the follow-up period. The clinical course of most of — 
the patients with A-V block proximal to the His bun- 
dle was benign, requiring no pacemaker therapy be- 
cause of lack of symptoms. = 
The incidence of sudden death and the cumulative — 
mortality rates were similar in both the normal and | 
prolonged A-H groups. j 
Clinical implications: A-H PE REE E in pa- 
tients with chronic bundle branch block was associ- 
ated with an increased incidence of demonstrable or- _ 
ganic heart disease and myocardial:dysfunction. Al- - 
though the risk of development of A-V nodal heart - 2 
block was greater in patients with a prolonged A-H A 
interval, this risk appeared to be of minimal clinical 
significance. The number of patients in whom A- Ve * 
nodal block developed was small, and the clinical | 
course of most of these patients was relatively be- 
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Three families with the prolonged Q-T interval are described. Two - 
demonstrated the nonsex-linked dominant mode of inheritance of the — 
condition without neural deafness (the Romano-Ward syndrome). - 
Family A had four affected members in three generations. Family B. ^ 
had three affected members in two generations, but the parents of the 
affected children were distant relatives. Family C had five affected 
members in three generations. S. 
Of the nine living affected members, seven were asymptomatic and . 
never experienced syncope. The remaining two, aged 7 and 9 years, - 
respectively, had multiple syncopal attacks. Of three affected mem- | 
bers who died, two had electrocardiograms before death. The third, an 
apparently healthy boy of 14 years, had a single syncopal attack 13. 1 
months before he died in his sleep. n 
The nature of the dysrhythmia causing syncope was documented in - 
two cases. One of the affected children was treated successfully with - 
a permanent demand pacemaker and propranolol, the other with pro- 
pranolol alone. The electrophysiologic findings and the management of: b: 
both symptomatic and asymptomatic patients are discussed. a 











Hereditary prolongation of the Q-T interval was first described in as- | 
sociation with congenital neural deafness! and was later named the | 
surdo-cardiac syndrome.” In the absence of deafness, similar prolon- - $ 
gation of the Q-T interval has been called the Romano-Ward syn- — 
drome.®4 The cardiac manifestations are identical whether or not. 
deafness is present. 
. In patients with Q-T prolongation, ventricular fibrillation audi E 
asystole have both been documented as causes of syncope and sudden - 
death.^-9 Additional electrocardiographic abnormalities described in. 
this syndrome include bradycardia, atrial dysrhythmias, wandering: 
pacemaker, bizarre and variable T waves, absence of P waves and a | 
short P-R interval.®’ UM 


Case Material 4 


This report describes three families with Q- T prolongation seen recently at - 
the National Heart Hospital, London. A total of 12 members were affected. 3 
Three had died, but electrocardiograms were available in two (AI 4 and A I 
5); the third (C IV 1), who died in his sleep at age 14 years, had excellent [ 
health except for a single unexplained syncopal attack 13 months. before 
death. Of the remaining nine, seven never experienced syncope; the other two. 
(A III 4 and B II 4) had multiple syncopal attacks. In Families A and C, three - 
generations were involved and there was no consanguinity. In Family B, two - 
generations were affected, and the parents of the affected children were dis- ^ | 
tant relatives. 
One of the two symptomatic children (B II 4) was successfully treated with E 
a combination of a permanent demand pacemaker and propranolol, the other. E 
(A HI 4) with propranolol alone. | " | 
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[E] EXAMINED UNAFFECTED MALE 

© EXAMINED UNAFFECTED FEMALE 

— — [© UNEXAMINED MALE AND FEMALE 

Wl @ PROLONGED Q-T INTERVAL,MALE AND FEMALE 

[J Ø DEAD MALE AND FEMALE STILLBIRTH A PROPOSITUS 


| FIGURE 1. Family A: Pedigree. 
Results 


— The propositus, a 7 year old girl (Fig. 1, A III 4), was re- 
ferred because of syncopal attacks that began at age 1 year. 
| Initially they occurred three or four times a week but were 
- followed by asymptomatic periods lasting for 2 or 3 
j^ months; recently, syncope had become a weekly event, and 

the child was housebound through fear. In the attacks she 


Heart Measured Corrected A -His His- V 
Rate QT sec QT (QTc) Interval Interval 
per min (millisec ) (millisec ) 


80 0.35 0.40 


75 0.43 0.48 


75 0.33 0.37 


90 0.33 0.40 





| “FIGURE 2. Famiy A. Data on Q-T intervals and His bundle encode 
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was apneic and pulseless; unconsciousness usually lasted 


for 2 to 3 minutes. Syncope was frequently precipitated By 
exertion or emotion and was immediately preceded by a pe- 
culiar abdominal sensation that she found difficult to de- 
scribe. | 

Physical examination was normal, as were chest roent- 
genogram, audiogram, skull X-ray study, electroencephalo- 
gram and all routine laboratory investigations including 
urinary electrolyte determinations and several estimations 
of serum potassium and calcium. The electrocardiogram 
disclosed sinus rhythm with a resting rate of 60/min and a 
corrected Q-T interval (Q- Tc)? of 0.45 second (Fig. 2). 

Electrocardiographic studies: No syncopal episodes 
were observed during the 1st week of continuous monitor- 
ing, but on the 1st day she experienced the peculiar abdom- 
inal sensation previously described and T wave inversion 
lasting for several minutes was recorded. With exercise 
(Elema-Schonander bicycle ergometer) there was little 
change in sinus rate, but the Q-Tc interval increased from 
0.49 to 0.63 second in contrast to the normal response to 
exercise; T wave inversion occurred (Fig. 3B), and T wave 
alternans was recorded during the recovery phase (Fig. 3C). 
The His bundle electrogram was normal. Atrial pacing 
lengthened the A-H interval and shortened the Q-Tc inter- 
val from 0.44 second at a resting rate of 60/min to 0.36 sec- 
ond at a rate of 150/min. Similar effects are seen in normal 
subjects. The T wave inversion seen on exercise did not 
occur with atrial pacing. During a second exercise study, 
after 2.5 minutes at 200 kilopond-meters, T wave inversion 
occurred, together with ventricular ectopic beats, one of 
which fell on the upstroke of the preceding T wave and 
caused ventricular fibrillation that reverted spontaneously 
(Fig. 4) but recurred almost immediately and required car- 
dioversion. 

Exercise studies were repeated while she was receiving 
propranolol, at first 5 and then 10 mg every 8 hours. At 
both dose levels ectopic beats were abolished but there was 
no change in the Q- Tc prolongation and T wave inversion 
recorded during exercise without propranolol. Treatment 
with the larger dose of propranolol has now been continued 
for 6 months and she has had no further syncopal attacks. 


Three other members of family A had a long Q-T 
interval (Fig. 1). The girl't mother (A II 8), who was 
asymptomatic, had an interval of 0.48 second, and in - 
the previous generation there were two affected 
members. One (A I 4) died suddenly at age 50 years, 2 
months after referral to another hospital for the in- 
vestigation of syncope; the electrocardiogram dis- 
closed a Q-Tc interval of 0.48 second and occasional 
ventricular ectopic beats (Fig. 2). The correct diagno- 
sis was not made. The other affected member (A I 5) 
had been asymptomatic until age 57 years when she 
entered the hospital with acute bronchitis and died 
suddenly during convalescence. An electrocardio- 
gram taken on admission revealed a Q-Tc interval of 
0.49 second (Fig. 2). The significance of this finding 
was not appreciated. T 

Seven other members of family A were examined 
and had normal electrocardiograms (Fig. 2). 


Family B 


The propositus, a 9 year old girl (Fig. 5, B II 4), ficat had 
syncopal attacks at age 5 years. They initially occurred 
every few months, but during the latter part of 1974 oc- 
curred several times a o A 
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FIGURE 3. Propositus, Family A (Ill 4). Electrocardio- 
grams: A, control tracing with prolonged Q-T interval. 
B, T wave inversion with exercise. C, T wave alternans 
after exercise. 






**2 1p. 
22h Pec 
$ 
EES 12234 Na tH 
S IR cape 1] 

ele To DS de -s 


RA 





FIGURE 4. Propositus, Family A (Ill 4). Electrocardio- 
grams: A, ventricular ectopic beats during exercise. B, 
onset of ventricular fibrillation during exercise. C, 
spontaneous termination of ventricular fibrillation. 


FIGURE 5. Family B: Pedigree. Code as in Figure 1. 
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FIGURE 6. Propositus, Family B (B Il 4). Electrocardio- 
grams revealing spontaneous ventricular fibrillation oc- 
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curring at rest, with short P-R intervals and peaked T yy Ad x 
waves after spontaneous termination of the dysrhyth- ri [N PaE da bs rera : 
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EDS 

_ The physical findings included a pulse rate of 50/min, a 
- normal-sized heart with a soft ejection click and a pulmo- 

. nary ejection murmur and slight delay in the pulmonary 

closure sound consistent with mild pulmonary valve steno- 

- sis. Some dilatation of the main pulmonary artery was ob- 


served in the chest roentgenogram, which was otherwise 
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per min (millisec) (millisec) 
75 0.36 0.39 
70 0.44 0.48 
90 0.34 0.41 
100 0.39 0.50 125 40 
120 0.32 0.46 FIGURE 7. Family B: Data on Q-T intervals 
and His bundle electrograms. 
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à Figure 1. 
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used. During this period a pyolonged Q-T interval was a 
constant feature, but there were no further episodes of 2:1 
A-V block. Because of the previous ventricular fibrillation 
she was also treated with propranolol, 5 mg every 8 hours. 

When the temporary pacemaker was inserted, limited - ^ 
hemodynamic investigations were undertaken. The patient 
had sinus rhythm. Mild pulmonary valve stenosis was con- 
firmed; the peak systolic gradient was 20 mm Hg. The His. 
bundle electrogram was normal. Atrial pacing was not per- 
formed. ` | 

Two weeks later, a permanent demand pacemaker 
(Telectronics) was implanted and attached to epicardial 
wires. A biopsy specimen of the epicardial surface of the - 
left ventricle was taken and was normal on light microsco- 
py. | 

Treatment with propranolol, 5 mg every 8 hours, was 
continued, and 5 months after the insertion of the perma- 
nent pacing system there had been no further syncopal at- 
tacks. | 


Of four other members of the family examined, two 
(B I 2 and B II 5) had a prolonged Q-Tc interval (Fig. 
7); both were asymptomatic. Two siblings (B II 2 and 
B II 3) died after accidents; neither had an electro- 


cardiogram recorded. — . 
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Family Age 
^ Member (years) 

C dE» MD 
C noa 36 
Cc IV 2 1! 
c IV 3 9 
C IV 4 5 

FIGURE 9. Family C: Data on Q-T intervals 

and His bundle electrograms. 

Family C 


After the sudden death of a 14 year old boy (Fig. 8, 
C IV 1) who had excellent health apart from a single 
syncopal episode 13 months before his death, prolon- 
gation of the Q-T interval was found in four family 
members from three generations (Fig. 8). None had 
syncopal episodes, and physical examination was 
normal in all four, as were the chest roentgenogram, 
audiogram and routine hematologic and biochemical 
investigations. His bundle electrograms were normal 
in the mother (C III 2) and the two affected children 
(C IV 2 and C IV 4) (Fig. 9). Atrial pacing was not 


performed. No treatment was advised. 


DiscuSsion 


The mode of inheritance of the prolonged Q-T in- 
terval is probably complex; when associated with 
neural deafness it appears to be recessive,’ but in the 
absence of deafness (Romano-Ward syndrome) it is a 
dominant characteristic.!°!*° Electrocardiographic 
evidence of Q-T prolongation in more than two gen- 
erations is rare, only two examples having been pre- 
viously documented.!^!^ In two of our three families 
(A and C), prolongation of the Q-T interval occurred 
in three generations, confirming the nonsex-linked 
autosomal dominant mode of inheritance. 


Mechanisms of Prolonged Q-T Interval 


Prolongation of the Q-T interval is thought to rep- 
resent delayed ventricular repolarization with an in- 
crease in the vulnerable period, hence a greater sus- 
ceptibility to ventricular dysrhythmias, particularly 
if ectopic beats are present. Ventricular fibrillation is 
the most frequent cause of death in patients with a 
prolonged Q-T interval, although many of the attacks 
are of short duration and not fatal (Fig. 4 and 6). Im- 
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mediately before ventricular fibrillation, serum elec- E y 
trolytes, pH, partial pressure of carbon dor 
(PCO;), base excess, blood glucose and catechol- ` 
amine excretion have been studied and found iii 
mal.?!6 Anatomic studies have been sparse.!" 2 
There is increasing evidence that an abnormal ad- | 
renergic mechanism is responsible for the Q-T abnor- & 
mality. This is based on reports of Q-T prolongation — 
and sudden death after the administration of thio- 3 
"M 
5 






ridazine, a phenothiazine drug that alters myocardial — 
noradrenaline content,!? and canine studies in which - 
right stellate ganglionectomy or left stellate stimula- 3 


* 


tion have prolonged the Q-T interval.!? Clinically, in - 
patients with a long Q-T interval, stimulation or | 
blockade of either right or left stellate ganglia has  . 
had variable effects.2°-?3 Ganglionectomy does not . 
restore the Q-T interval to normal, and its place in 
the management of patients with this syndrome mosh 3 
await further study. 

Atrial pacing and exercise studies in the propositus 
of family A (A III 4) support the theory of an abnor- — 
mal adrenergic mechanism. During exercise, which . 
increases the sympathetic discharge, Q-T prolonga- 
tion and T wave inversion occurred as the heart rate 
increased, whereas with atrial pacing, which does not — 
increase sympathetic discharge, the Q-T interval | 
shortened as in normal subjects and the T waves re- — 
mained positive. This suggests that persons with the y 
long Q-T syndrome respond abnormally to a sympa-  - 
thetic stimulus but manifest normal shortening of . T 
the Q-T interval if the heart rate is increased by — 
means such as atrial pacing that avoid a sympathetic  - 
stimulus. The peculiar abdominal premonitory symp- - E 
toms experienced by this child, which were accompa-  - 
nied by T wave inversion, may also reflect an abnor- | 
mal'sympathetic discharge. 











Hop ranelel Adrenergic beta tisks drugs have 
E E eos the most widely used form of treatment and 
= have had the most beneficial effects.512.1525 Used 
| ELA. however, they have not always been successful 
in abolishing syncope or preventing sudden death. $,21 
$ _ In normal subjects, propranolol i is said to shorten the 
y QT interval,’ whereas our patients receiving small 
A doses of propranolol had no shortening of the Q-T in- 
. terval. This finding is in keeping with the concept 
_ that the prolonged Q-T interval is associated with an 
E . abnormal adrenergic mechanism. It seems probable 
- that the main beneficial effect of propranolol is to 
prevent ectopic rhythms and suppress the effects of 
. the sympathetic discharge that occurs on effort and 
al emotion rather than to influence the Q-T interval it- 
- self. Nevertheless, therapy with adrenergic beta 
E blocking drugs may have inherent problems because 
_ the basic sinus rate in patients with the long Q-T 
Es syndrome i is often slow, and increasing the bradycar- 
~ dia may predispose to venticular dysrhythmias. 21 For 
^ this reason, a small dose of propranolol is recom- 
. mended, but if increasing doses are necessary to pre- 
|J vent syncope and these cause undue brádycardia, im- 
: plantation of an artificial pacemaker may be re- 
. quired. 
_ Artificial pacemaker: In the propositus of Fami- 
P ET . (B II 4), the problem was not simply one of ven- 
- tricular fibrillation since an episode of 2:1 A-V block 
: f with a narrow QRS complex had been documented 
_ with a ventricular rate of 40 to 44/min. We therefore 
. considered the best course was to attempt to sup- 
. press the ventricular arrhythmias with propranolol 
E and to implant a demand pacemaker to prevent 
undue bradycardia and to safeguard the patient in 
the event of further A-V dissociation. The temporary 
unit was inserted as an emergency measure after a 
osymcopl attack and it was perhaps fortunate that 
ventricular ectopic rhythms did not occur.? The per- 
AMA system was inserted with continued adminis- 
_ tration of propranolol. The demand pacemaker used 
was designed to deliver a stimulus after an asystolic 
period a 857 msec so that even with gross Q-T pro- 
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longation, dh is rarely greater than 700 msec, the 
pacing stimulus would not fall within the vulnerable 
phase of repolarization. In other patients with a long 
Q-T interval who require a pacemaker, but have no 
evidence of A-V block, an atrial rather than a ventric- 
ular pacemaker might be effective and less likely to 
cause ventricular arrhythmias. 

Prognosis: It has been suggested? that the death 
rate in this condition is higher in children and adoles- 
cents than in adults because the abnormal Q-T inter- 
val shortens with age.?? Our data did not support this 
view: Six of our 12 patients were older than age 20 
years and two of the three who died were aged 50 and 
57 years, respectively (A I 4 and A I 5). In addition, 
the longest Q- Tc interval in this series, 0.56 second, 
was found in a 36 year old woman (C III 2). The fun- 
damental differences between patients with a long 
Q-T interval who are prone to ventricular fibrillation, 
syncope and sudden death and similar patients who 
remain symptom-free for 5 or 6 decades are not 
known. 

Indications for treatment: In asymptomatic pa- 
tients with the long Q-T syndrome, exercise may not 
have the same effect as that observed in our symp- 
tomatic patient in Family A (A III 4). Therefore, reg- — 
ular exercise testing might be advisable in such pa- 
tients, and further prolongation of the Q-T interval, 
T wave inversion or ventricular ectopic rhythms con- 
sidered an indication for prophylactic treatment with 
a beta adrenergic blocking drug. 

At present, treatment is confined to the symptom- 
atic patient. In those without undue bradycardia, the 
role of sympathetic stimulation in the production of 
the rhythm disturbance makes propranolol the drug 
of choice. In the symptomatic patient with severe 
bradycardia, the combination of propranolol or a 
similar adrenergic beta blocking drug and a demand 
pacemaker will probably prove to be the most effec- 
tive treatment. s 


Acknowledgment 


We are grateful to Drs. Bernard Laurance and Roderick 
Brown for referring the propositus of Family A. 


E | References 


Heart J 35:990-992, 1948 
€. Fraser GR, Frogatt P, Murphy T: Genetical aspects of the car- 

dio-auditory syndrome of Jervell and Lange-Neilsen (congenital 
deafness and electrocardiographic abnormalities). Ann Hum 
Genet 28:133-157, 1964 

1C. Barlow J, Bosman C, Cochrane J: Congenital cardiac arrhyth- 
mia. Lancet 2:531, 1964 

11. Romano C: Congenital cardiac arrhythmia. Lancet 1:658, 1965 

12. Garza LA, Vick RL, Nora JJ, et al: Heritable QT prolongation 
without deafness. Circulation 41:39-48, 1970 

13. James T: Congenital deafness and cardiac arrhythmias. Am J 
Cardiol 19:627-643, 1967 

14. Gale GE, Bosman CK, Tucker RBK, et al: Hereditary prolonga- 
tion of the QT interval (study of two families). Br Heart J 32: 
505-509, 1970 

15. Gallez A: Allongement de Q-Tet syncopes, sans surdité: le syn- 
drome de Romano-Ward. G Ital Cardiol 2:218-225, 1972 


~ 


16. Ward OC: The electrocardiographic abnormality in familial car- 


TU 


. Schwartz PJ, Malliani A: i: Electrical alternation of the T wave: 


diac arrhythmia. Ir J Med Sci 6:553-557, 1966 

Fraser GR, Froggatt P, James TN: Congenital deafness associ- 
ated with electrocardiographic abnormalities, fainting attacks 
and sudden death. A recessive syndrome. QJ Med 33: 361- 385, 
1964 


. Kelly HG, Fay JE, Laverty SG: Thioridazine hydrochloride (Mel- Cy 
laril). Its effect on the electrocardiogram and a report of two fa- , v 


talities with electrocardiographic abnormalities. Can Med Assoc 
J 89:546-554, 1963 -p l 


‘Tas 


. Yanowitz BA, Preston JB, Abildskov JA: "Functional detribution - 
of right and left stellate innervation to the ventricles: production - ^i 
of neurogenic electrocardiographic changes by re crv -< 


ation of sympathetic tone. Circ Res 18: 416-428, 1966- 


LI 


td 


ox 
. Moss AJ, McDonald J: Unilateral cervicothoracic sympathetic d 


ganglionectomy for the treatment of Ung QT interval some Le 


N Engl J Med 285: 16, 903- 904; 10740" 5 ^^ 


wee e 


clinical and experimental evidence. 9t its relationship with “he 


Ne > 3 ay 


Pgh 


ra i Y" 


SRS Fae 
- HEREDITARY Q-T PROLONGATION-—ROY ET id 


sympathetic nervous system and with the long QT syndrome.  . 
Am Heart J 89:45-50, 1975 Be 

22. Vincent GM, Abildskov JA, Burgess MS, et al: Anatomic ma- 
nipulation in the inherited long QT-recurrent syncope syndrome 
(abstr). Am J Cardiol 33:174, 1974 

23. Ratshin RA, Hunt D, Russell RO, et al: QT interval prolongation, 

i paroxysmal ventricular arrhythmias, and convulsive syncope. 

. Ann Intern Med 75:919-924, 1971 

O24. Rickards AF: Personal communication, April 1975 yr 

i3 25. Johansson BW, Jorming B: Hereditary prolongation of the QT  - 

eesti interval. Br Heart J 34:744-751, 1972 c 

T 26. Stern S, Eisenberg S: The effect of propranolol on the electro- 

Ly Dos S . cardiogram of normal subjects. Am Heart J 77:192-195, 1969 

27: . Han J, Millet D, Chizzonitti B, et al: Temporal dispersion of re- 

je EE covery of exitability in atrium and ventricle as a function of heart 

Ts af V rate. ‘Am Heart J 71:481—487, 1966 

` ee Mathews EC Jr, Blount AW Jr, Townsend I: Q-T prolongation . 
and ventricular arrhythmias. with and without deafness in the 
J| same dci)? Am J rus ml :702- 71 iex IR: 


"e 









lí ^ * 
^ » 
EXE ^ 


hi 


EXPERIMENTAL STUDIES 






NX 
- Boston, Massachusetts 


i » 
UM > 
Ue 


. of Medicine, Peter Bent Brigham Hospital and 
. Harvard Medical School, Boston, Mass. This 
. Study was supported in part by Grants HL 
~ 11306 and 5T01-HL 05679 from the U. S. Pub- 
K lic Health Service. Manuscript accepted June 4, 
271975. 

... * Present address and address for reprints: 
_ Michael V. Cohen, MD, Cardiology Department, 
_ Montefiore Hospital and Medical Center, 111 
_ East 210th St., Bronx, N. Y. 10467. 

Bae 

P 


or the Cardiovascular Division, Department 


= — — — i — LS TERTE VENTI" or ROS? 

—— > 3 T e UP A r, ! m BITTER z= + Cr an 4 ' rus T VT NM =; ka " 2 T UM A en A i: 

iuf sul brio c ee ee en ae ee Oe OM dur d er a MR x aie na ká BOATS, BAG eRe 
P : r I JA E > any ae vA. A3 4 4 ^ p » f 7 . ee " ` < | 

qo Er UN ma FYSA : í t 5n. / - o . 





e 
+P 


A gw * ^s 


V ^ . 


* e 
xh] SOAP 
M o, 
^ ts 
, mL Fi 


. Dinitrate on Coronary Collateral Vessels and 


To determine the effect of isosorbide dinitrate on ischemic myocar- 
dium, this agent was administered to dogs with well developed coro- 
nary collateral vessels 8 to 14 weeks after embolization and subse- 
quent occlusion of the left anterior descending coronary artery. After 
thoracotomy the left coronary artery was cannulated and perfused 
with blood from the femoral artery. The distal left anterior descending 
artery was cannulated to monitor peripheral coronary pressure. Re- 
gional contractile force in the normal left circumflex and potentially 
ischemic left anterior descending regions was measured with isometric 
strain gauge arches sewn to the epicardium. Moderate decreases in 
coronary perfusion pressure averaging 27 mm Hg produced selective 
ischemia in the myocardium beyond the site of occlusion of the left an- 
terior descending artery. Under these conditions the average increase 
in peripheral coronary pressure produced by intracoronary injection of 
isosorbide dinitrate was 9.0 mm Hg, whereas contractile force in the 
ischemic region increased by 30 percent. The contractile force was 
unchanged in the normal regions. Therefore, isosorbide dinitrate can 
dilate coronary collateral vessels and improve contractile force in isch- 
emic areas. Intracoronary injection of nitroglycerin had similar effects. 
The durations of responses to isosorbide dinitrate and nitroglycerin 
were remarkably similar: 6.4 and 6.7 minutes, respectively. Although 
isosorbide dinitrate can directly dilate coronary collateral vessels, its 
effects are not longer lasting than those of nitroglycerin. 


Since the introduction of nitroglycerin more than 100 years ago, this 
drug has been recognized as the most efficacious agent in treating at- 
tacks of angina pectoris. Although the exact mechanism of its antian- 
ginal effect has been disputed, it is now believed that some combina- 
tion of actions on peripheral vasculature and coronary collateral ves- 
sels is responsible.! It was reasoned that modification of the nitrate 
molecule might produce a longer-acting agent that would be effective 
in the prophylactic therapy of angina pectoris, and numerous com- 
pounds were synthesized and tested as antianginal agents. However, 
conflicting reports based on animal? and human$-!6 studies have 
fueled the controversy over the value of these agents. Several investi- 
gators? have been unable to document a prolonged drug effect, 
whereas others!!-14^!6 have concluded that these agents had no 
proved clinical efficacy. Furthermore, hepatic degradation of nitrate 
drugs absorbed from the gut!? or administered systemically!?18 has 
been shown to produce metabolites with weak pharmacologic activi- 
ty.19 | 

Because of the disputed efficacy as well as duration of response of 
the peripheral vasculature to these organic nitrates, we believed it 
important to establish whether these agents might have prolonged ef- - 
fects on the coronary vasculature that could account for their benefi- 
cial consequences. Accordingly, we studied the action of one long-act- 


Al 





1g nitrate, isosorbide dinitrate, on the responsive- 
ness of canine coronary collateral vessels, and con- 
_trasted these results with those obtained with nitro- 


glycerin in the same animals. This study documents a 


-~ comparable effect of nitroglycerin and isosorbide di- 
nitrate on coronary collateral vessels and ischemic 


myocardium, and does not demonstrate any signifi- 


cant difference in the time course of action of the two 


agents. 
Methods 


Experimental preparation: Experiments were per- 
formed in eight mongrel dogs. By a closed chest technique 


described previously,?? a gradual occlusion of the left ante- 
-rior descending coronary artery was produced 8 to 14 weeks 


before the time of study in all animals. A 3 to 5 mm seg- 


‘ ment of a red Kifa (U. S. Catheter and Instrument Corp.) 


catheter (no. 6.6 F) was embolized into the left anterior de- 
scending coronary artery with a coaxial catheter system in- 
troduced into a femoral artery. The catheter system con- 
sisted of an outer red Kifa catheter and an inner Teflon® 
catheter extending beyond the end of the former and carry- 
ing a hollow, tapered Kifa plug. Once the catheter system 
was maneuvered into the left anterior descending artery, 
the Kifa catheter was anchored while the inner catheter 
was withdrawn into the outer one, thus releasing the plug 
into the artery. Prior experience has demonstrated occlu- 
sion of the plug within 5 to 10 hours after embolization. Di- 
rect observation at the time of study in all animals con- 


_ firmed total obstruction of the distal left anterior descend- 


ing artery at the level of the plug. Careful visual inspection 
of thé myocardium distal to the plug revealed no or only 


small areas of infarction. Measurement of the cross-sec- 
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FIGURE 1. Experimental prepara- 
tion. The shading of the left ventri- 
cle denotes the area supplied by 
collateral vessels. LAD = area 


i supplied by left anterior descend- 
_ ing coronary artery; LCF = area 
a: supplied by jc CUNG A coro- 
: poke med $ 
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tional area of infarcted tissue after sensi sectioning of the 
heart from apex to base confirmed that pee than 2 percent 
of the left ventricle was involved. _ Y 

On the day of study the dogs were anesthe haed with so- ` ; 
dium pentobarbital (27.5 mg/kg). Additional amounts were 
administered as required to maintain prolonged anesthesia. 1 
A polyvinyl catheter was introduced into the thoracic aorta | 
by way of a femoral artery for measurement of systemic | , 
pressure with a Statham transducer. After endotracheal in- . 
tubation and mechanical ventilation with an intermittent 22 
positive pressure respirator with 100 percent oxygen, a left — 
thoracotomy was performed. Anticoagulation was produced < 
by injection of 20,000 units of heparin and maintained. = 
injection of 10,000 units every 1 to 2 hours. | oly P 

The experimental preparation is shown in Figure 1. The - 
main left coronary artery was cannulated with a modified i » 
Gregg cannula introduced into the left subclavian artery 
and perfused with blood from a femoral artery. The pet 
sion tubing contained a Biotronex 410 flowmeter, a side - 
arm for measurement of coronary perfusion pressure with ; ad 
Statham transducer, and an area for intracoronary drug in- 
jection. The tubing passed through a Sigmamotor pump - 
enabling coronary flow to be adjusted to either higher or | 
lower levels. To maintain constant coronary pressure the -— 
blood could be diverted into a reservoir (Fig. 1). The | ; 
amount of blood in the reservoir was kept constant by ad- 33 
justing the rate of the Sigmamotor pump, and the coronary - 
perfusion pressure was determined by the reservoir’ s 79 
height. Autoregulation of coronary blood flow was apse 
served in these preparations. 

Measurements of pressure, flow and myocardial | 
contractile force: The left anterior descending artery was — . 
isolated at the site of the embolized plug. The plug was ex- 
tracted and the vessel occlusively cannulated at this level 5 f 
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ae a blunted large bore re either 12 or 15 gauge, that 
E^ enabled continuous measurement of distal coronary pres- 
1 ge sure. The transducers recording coronary perfusion pres- 
—— sure and pressure in the distal left anterior descending ar- 
- . tery were selected to have identical linearity over a range of 
E - pressures from 0 to 200 mm Hg. The amplified outputs 
— from these transducers were connected to the input of a 
. differential amplifier. By carefully adjusting the gain of the 
_ transducer preamplifiers, the pressure gradient between 
; y the left coronary and left anterior descending coronary ar- 
_ teries could be recorded. At frequent intervals throughout 
E — an experiment, the two pressure transducers were con- 
$ Bo nected to the same pressure source to check for zero base- 
. line and drifts in linearity. In this manner changes in the 
pressure gradient exceeding 0.5 mm Hg could be detected 
Bcunuivocally at all pressure levels. 
4 - Myocardial contractile force was measured with isomet- 
- ric strain gauge arches (John Warren, Charleston, S. C.). 
E . One arch was sewn to the epicardium i in the area supplied 
by the left circumflex coronary artery in an orientation par- 
allel to the superficial fibers. A second strain gauge arch 
1 . was sewn onto the surface of the heart parallel to the epi- 
- cardial fibers in the region of the left anterior descending 
artery distal to the extracted plug. The rationale for the use 
RA of these arches in assessing the degree of myocardial isch- 
P - emia has previously been described.2! 
3 E : — A catheter was inserted through the left atrial appendage 
. to record left ventricular systolic and end-diastolic pres- 
* sures and the first derivative of left ventricular pressure 
E All signals including coronary perfusion pressure, 
. pressure in the distal left anterior descending artery, pres- 
sure gradient between the left coronary and left anterior 
aeda artery, strain gauge arch deflections and aortic 
- pressure were recorded directly on a multichannel oscillo- 
E. - graph. 
a _ Intracoronary drugs: These agents were administered 
: P in doses known not to have systemic effects. Tablets of ni- 
3 po roglycerin, 0.6 mg (Lilly), were dissolved in saline solution 
- to a concentration of 0.6 ug/ul and 18 ug bolus doses were 
_ injected into the left coronary arterial perfusion line. Iso- 
-sorbide dinitrate (kindly supplied as Isordil® by Dr. Clar- 
ence Denton, Ives Laboratories) was administered as a sa- 
de Tihe solution, 0.25 mg/ml, that also contained mannitol, 
ENY A 75 mg/ml. 'The dose used was 0.5 mg injected slowly over 
_ 15 seconds. Saline injections of 2 ml with or without added 
E E: mannitol had no effect on the variables measured. The 
2 _ doses of intracoronary nitroglycerin and isosorbide dini- 
- trate were chosen to have a near maximal vasodilatory ac- 
_ tion on the coronary vasculature without an evident sys- 


TABLE | 


. (mean * standard error) 


temic effect. Each drug produced similar i increases in coro- 
nary blood flow (Table I). 

In all animals baseline contractile force, coronary and 
left ventricular pressures and coronary blood flow were ini- 
tially recorded. As previously demonstrated, development 
of collateral vessels in these animals is usually sufficient to 
produce normal regional contractile force in the potentially 
ischemic area of the left anterior descending coronary ar- 
tery, whereas a moderate decrease in coronary perfusion 
pressure elicits marked ischemic changes in the left anteri- 
or descending area but no significant alterations in the nor- 
mal left circumflex area.?! In these animals coronary perfu- 
sion pressure was decreased until this differential effect on 
the strain gauge arches was observed. At this point either 
nitroglycerin or isosorbide dinitrate was administered into 
the left coronary arterial perfusion tubing, and the re- 
sponse of strain gauge arches, coronary pressures and coro- 
nary flow recorded. The order of the drugs was random- 
ized. All results are expressed as means + standard error. 
Student's t test for independent observations was used to 
determine the significance of differences. 


Results 

Control: Under control conditions pressure in the 
distal left anterior descending coronary artery ranged 
from 40 to 110 mm Hg (average 74 mm Hg); the aver- 
age gradient between the left coronary and distal left 
anterior descending arteries was 32 mm Hg (Table I). 
Coronary flow in the control state averaged 96.5 ml/ 
min. Coronary perfusion pressure was depressed by 
an average of 27 mm Hg to produce selective isch- 
emia in the region previously supplied by the occlud- 
ed left anterior descending artery. Under these con- 
ditions the strain gauge arch in the left anterior de- 
scending artery recorded an average reduction of 33.2 
percent in developed contractile force whereas the 
left circumflex gauge was virtually unaffected (—1.5 
percent) (Table I). | 

Nitroglycerin and isosorbide dinitrate: The ef- 
fects of the vasodilators nitroglycerin and isosorbide 
dinitrate on the measured variables in a representa- 
tive experiment are showrf in Figure 2. In this animal 
control coronary perfusion pressure was 112 mm Hg 
and coronary blood flow 155 ml/min. Peripheral pres- 
sure in the left anterior descending artery was 90 mm 
Hg, and therefore the maximal gradient from the 
main left coronary artery to the distal left anterior 


Effects of Nitroglycerin and Isosorbide Dinitrate on Coronary Collateral Indexes and Contractile Force 





Coronary Peripheral LCA-Distal Contractile Force 
Perfusion Coronary LAD Pressure Coronary SS PR ee Duration of 
Pressure Pressure Gradient Blood Flow LAD LCx Response 
zm (mm Hg) (mm Hg) (mm Hg) (ml/min) (A96) (A%) (min) 
BERCEUTUERVTTOTÉTUUTUUATTUEUTUUM MM M jd—— ——À iia si 
D Control - 107.9 + 6.6 75.0 + 8.6 32.9 + 4.1 96.5 + 13.4 MT SUE S 
Ischemia 81.3 + 4.8 52.7 * 4.8 28.6 * 3.8 91.6 « 12.1 —33.2+ 7.8 —1.5 ż 2.1 a de 
* NTG* 81.3: 48 60.5 + 4.6t 20.8 + 3.51 121.0 + 12.21 —12.2 + 441 —0.6 + 2.01 6.7 * 0.5 
* ISDN* 81.3 * 4.8 61.5 + 4.21 19.8 + 3.51 127.7 + 1221 —13.2+ 5.1f 1.2 + 1.8} 6.4 + 0.4 





. *Measurements represent maximal change after drug administration. 

Statistical significance of drug-induced changes in the ischemic state: TP «0.005; $P «0.02; P »0.1 (not significant). Comparative changes 
-induced by nitroglycerin and isosorbide dinitrate are not statistically significant (P >0.1). 

_ ISDN = isosorbide dinitrate; LAD = left anterior descending coronary artery; LCA = main left coronary artery; LCx = left circumflex coronary 
3 aan NTG - tds ESL | Dod 
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. FIGURE 2. Effect of intracoronary isosorbide di- 
nitrate (ISDN) and nitroglycerin (TNG) on the pe- 


bocas artery was only 22 mm Hg. The contrac- 


tile force in the potentially ischemic area of the left 


anterior descending artery was unaffected by tempo- 


rary release of the occlusion of the perfusion tubing 
of this artery, thus confirming previous observa- 
tions.?! Lowering of the reservoir decreased coronary 
perfusion pressure to 85 mm Hg and peripheral coro- 
nary pressure to 55 mm Hg, but systemic pressure 
was unaffected. Coronary perfusion pressure was 
held constant for the remainder of the experiment. 
At this level of perfusion the left anterior descending 
arterial area was clearly ischemic, as shown by the 
marked reduction in the contractile force. In con- 
trast, the contractile force in the nonischemic left cir- 
cumflex area was unchanged. Intracoronary adminis- 
tration of isosorbide dinitrate (0.5 mg) transiently in- 


creased coronary blood flow by 25 ml/min although 


systemic hemodynamics were not changed. Peripher- 
al coronary pressure increased by 8 mm Hg and the 
gradient across the obstruction of the left anterior 
descending artery decreased an equivalent amount. 


Concomitantly the contractile force in the left anteri- 


or descending region significantly increased by 50 
percent of the prenitrate level whereas the left cir- 
cumflex strain gauge arch was not affected. Intra- 
coronary administration of nitroglycerin (18 yg) 


caused strikingly similar changes: Peripheral coro- 


nary pressure increased by 9 mm Hg and left anterior 
descending regional contractile force by 80 percent. 
The duration of these changes was 6.5 minutes for 
each drug. 

The average changes for the entire group of ani- 


ripheral left anterior descending coronary artery 
(LAD) pressure, main left coronary arterial 
(LCA)-distal left anterior descending coronary 
arterial pressure gradient, and contractile force 
in the areas perfused by the left anterior de- 
scending and left circumflex (LCF) arteries. Be- 
fore administration of the nitrates coronary per- 
fusion pressure had been lowered from the 
control level of 112 to 85 mm Hg. At this perfu- 
sion pressure both vasodilators elicited similar 
increases in peripheral left anterior descending 
coronary arterial pressure and left anterior de- — 
scending area contractile force and decreases 
in the main left coronary arterial-distal left ante- 
rior descending coronary arterial pressure gra- 
dient. The left circumflex area contractile force 
was not significantly altered. 
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mals are presented in Table I. Both nitroglycerin and - : 4 
isosorbide dinitrate consistently decreased the degree - 


of ischemia of the left anterior descending arterial re- 


gion as documented by a significant increase in de- 


veloped contractile force. The maximal enhancement 
developed by the myocardium in the left anterior de- 


scending area compared with the stable level just be- - 
fore administration of nitroglycerin averaged 31 per- _ 
cent (range 10 to 71 percent). When the contractile  : 


force at the peak of the effect of nitroglycerin is com- 
pared with the measurement at normal perfusion 


pressure, it is evident that nitroglycerin can tran-  - 


siently restore the contractile force in the ischemic — 


left anterior descending arterial region toward nor- _ 


mal (average 12 percent below control level). Isosor- _ 
bide dinitrate caused changes that were insignificant-  . 


ly different from those observed after nitroglycerin. 
Despite these marked changes in the region of the 


left anterior descending artery, there were only minor - 


insignificant responses of the strain gauge arch in the _ 


normal left circumflex area. Both vasodilators in- 
creased pressure in the left anterior descending ar- 
tery distal to the occlusion (average 8 mm Hg for ni- 
troglycerin and 9 mm Hg for isosorbide dinitrate, 
range 3 to 11 mm Hg). 

The duration of the changes induced by the vaso- 


dilators was noted in each animal. The time at which © 
both contractile force and peripheral coronary pres- 


sure returned to within 5 percent of the control level 


was considered to represent the end of the drug ef- - 


fect. The average effects of both vasodilators were 
equally prolonged: 6.7 minutes for nitroglycerin and 
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: E ie 4 minutes for isosorbide dinitrate (difference not 
ee estically significant [P »0.5]). 


- Discussion 
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P s therapy of ischemic heart disease, isosorbide di- 
Ps nitrate and other long-acting nitrates have not gained 
Eid enroad acceptance. Clinical trials with both the 
1 oral and sublingual preparations of isosorbide have 
. yielded discrepant results.9-16 Whereas studies have 
| © documented an increase in exercise tolerance in pa- 
a tients with coronary artery disease 5 to 10 minutes 
E after administration of isosorbide dinitrate,?! ef- 
E. fects after 1 hour have not been clearly estab- 
- lished.9/5 One investigation!? found no difference be- 
4 tween the duration of action of isosorbide dinitrate 
S . and nitroglycerin administered in doses causing simi- 
- lar hemodynamic alterations. Perhaps nonstandard 
: 3 exercise protocols, tabulation of different subjective 
Mae and objective criteria to document efficacy, and ad- 
5 T ‘ministration of drug doses having hemodynamic ef- 
E. fects of differing magnitudes explain the plethora of 
B b. confusing clinical results. Animal studies suggest that 
3 . isosorbide dinitrate is rapidly denitrated by hepatic 
- enzymes into pharmacologically weak metabolites,!?- 
. I? and that the effects of this drug should not be ex- 
4 “pected to be appreciably longer than those of nitro- 
glycerin. 19,22 However, plethysmographic studies in- 
= dicate that isosorbide dinitrate does exert a definite 
- effect on the peripheral vasculature for at least 1 
. hour.” 
— Coronary vascular effects of isosorbide dini- 
E . trate: Although there are conflicting reports con- 
E cerning the peripheral actions of isosorbide dinitrate, 
(o there have been relatively few attempts to define the 
. direct effects of this agent on the coronary vascula- 
a . ture. Gensini et al.24 have shown a direct vasodilatory 
. effect on coronary arteries, whereas others?? have 
- E shown an increase in coronary blood flow. However, 
-the response of coronary collateral vessels to isosor- 
* bide dinitrate has not been determined. As McGregor 
I and Fam” observed, dilatation of coronary resistance 
22 . vessels in a heart with obstructed vessels without 
- concomitant and more prolonged dilatation of collat- 
E eral channels may be detrimental to the myocardium 
EV _ by initiating a coronary "steal" and further decreas- 
. ing blood flow to already ischemic areas. Thus, in at- 
E tempting to define the effects of isosorbide dinitrate 
^n 5 on ischemic myocardium, we determined the re- 
A sponse of coronary collateral channels and observed 
_ that they could be actively dilated by this organic ni- 
E . trate. 
1" This study has demonstrated that isosorbide dini- 
` trate increases coronary pressure in vessels bevond a 
e chronic vascular obstruction as well as con: actile 
. force in ischemic areas. These observations lead us to 
E Eisen that this agent dilates coronary collateral 
vessels with subsequent enhancement of collateral 
: blood flow, lessening of ischemia and increased con- 
. tractility i in myocardial areas distal to coronary ob- 
Uis eg By fella Mie movement of radiopaque 
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Despite the undisputed efficacy of nitroglycerin in 


epicardial markers in dogs and sites of coronary arte- 
rial bifurcation visualized during coronary angiogra- 
phy in man, Gensini et al.?? also concluded that iso- 
sorbide dinitrate improves contraction patterns of 
ischemic myocardial regions. This ability is not 

unique for isosorbide dinitrate, but appears to be a 
general property of nitrates. As documented in a 
prior study,?! and again confirmed here, nitroglycerin 
has similar actions. 

The results from these investigations suggest that 
coronary collateral vessels are responsive to their 
metabolic milieu. The collateral vessel at its source 
traverses normally perfused myocardium, and is not 
responsive to the needs of the ischemic area. This 
portion maintains its vasomotor tone, whereas that 
segment in the ischemic area is maximally dilated. 


The most marked effects of these vasodilators are 


noted when the coronary perfusion pressure is mildly 
decreased, resulting in selective ischemia of the myo- 
cardium in the region distal to the occluded vessel. 
Under these conditions isosorbide dinitrate and ni- 
troglycerin may dilate that portion of the collateral 
vessel in the normal areas, increasing collateral flow 
and subsequently contractility in the ischemic area. 
If no area of the myocardium is initially ischemic, 
then increases in collateral flow could not improve 
contractility. On the other hand, if the whole heart is 
ischemic, then the entire length of the collateral ves- 
sel will already be dilated and administration of ni- 
trates will be ineffective.?! Thus, these experiments 
suggest that nitrates can be expected to directly ben- 
efit ischemic myocardium only when regional flow in- 
homogeneities exist. 

Duration of coronary vascular responses: The 
duration of response was similar for the two nitrates 
tested. Thus, in our model isosorbide dinitrate can- 
not be considered to be a long-acting preparation. We 
administered all drugs directly into the coronary cir- 
culation specifically to avoid any systemic effects. 
'Thus, we are unable to make observations on the du- 
ration of peripheral actions of isosorbide dinitrate. 

Weisse et al.?? attempted to measure coronary col- 
lateral flow during administration of isosorbide dini- 
trate 2 to 3 hours after obstruction of coronary arteri- 


al branches. At this time most animals showed no- 


change in collateral flow. However, these authors 


used constant intravenous infusions of isosorbide di- - 


nitrate and made their initial measurements after 15 
minutes. Previous work?? has demonstrated the exis- 
tence of nitrate tachyphylaxis, and therefore earlier 
measurements might have been more revealing. Fur- 
thermore, Schaper?? has demonstrated that immedi- 
ately after coronary occlusion collateral channels 
have a diameter of 40 u and sometimes only one cell 
layer of smooth muscle. To insure responsiveness of 
collateral vessels to nitrates, one should await forma- 


tion of a hyperplastic smooth muscle layer 3 weeks 


after occlusion. | 

Drug dosage: The standard intracoronary dose of 
nitroglycerin used in this study was 18 ug, which was 
chosen to have a Mirco TAHR effect. The dose of 
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dinitrate was selected to approximately 


nfatch the effect of nitroglycerin on total coronary 


blood flow. With the doses employed there were no 
significant systemic effects. The doses approximate 
the amounts assumed to be delivered in the first cir- 
culation to the coronary arteries (5 to 10 percent of 
total administered dose) after absorption of the usual 
sublingual therapeutic dose in man. However, since 
the effects of these nitrates on collateral vessels per- 
sist for approximately 6 to 7 minutes, the route of ad- 
ministration may not be critical. 

Clinical implications: The special conditions of 
our protocol must not be overlooked, and our conclu- 
sions cannot be directly applied to the clinical situa- 
tion. We administered the nitrates directly into the 
coronary circulation, but only during experimental 
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studies is this realized in man.?! Furthermore, canine _ 
collateral vessels are often epicardial, whereas human — 
coronary collateral vessels tend to be intramural?9  . 
However, at least one study iri man?? has shown that — 


collateral vessels may be dilated by nitrates. 


Although we have documented that the effects of Li 
isosorbide dinitrate and nitroglycerin on the heart — 


are essentially identical and of equal duration, we did 


not evaluate the peripheral effects of these drugs. It — 


is possible that the effects of isosorbide dinitrate on 


the peripheral vasculature might have a long time 








course, thus accounting for claims of clinical efficacy E 


for more than 1 to 2 hours. Our study has demon- — 
strated that the action of isosorbide dinitrate on the - 


coronary vasculature cannot explain this prolonged 
effect. 


wr 
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Cross-Sectional Echocardiographic Localization of Sites of 
Left Ventricular Outflow Tract Obstruction 


Real time two-dimensional echocardiographic studies of left ventricular 
outflow tract cross-sectional anatomy were obtained by the multicrys- 
tal echocardiographic method (Bom system) in 35 patients with vari- 
ous types of outflow obstruction as delineated by Clinical, hemodynam- 
ic and angiographic studies. In each patient the noninvasive test al- 
lowed prediction of the site of obstruction. In valvular aortic stenosis, 
echocardiographic diagnostic findings included poststenotic dilatation - 
of the ascending aorta, thickened aortic cusp tissue and increased su- 
perior-inferior cusp excursion (doming). The site of supravalvular aor- 
tic stenosis was readily observed although echocardiographic findings 
often underestimated the degree of obstruction recorded at cardiac 
catheterization. In patients with discrete subvalvular aortic stenosis, 
the major finding was a localized thickening of the septum and anterior 
mitral anulus producing a narrowing of the left ventricular outflow tract 
that was present in diastole and persisted throughout the cardiac 
cycle. The combination of discrete subvalvular and valvular aortic ste- 
nosis could be identified as well as mitral valve abnormalities associ- 
ated with left ventricular outflow tract obstruction. Asymmetric septal 
hypertrophy and systolic anterior motion of the mitral leaflets were 
noted in six patients with idiopathic hypertrophic subaortic stenosis. 
This new echocardiographic approach allowed accurate localization of 
the site of left ventricular outflow tract obstruction and detection of as- 
sociated malformations. The method has substantial merit as an initial 
test to establish diagnosis and allows more appropriate planning of a 
subsequent hemodynamic study. 


There is substantial interest in the cross-sectional echocardiographic 
visualization of intra- and extracardiac anatomic features.!-? The left 
ventricular outflow tract has received considerable attention in ultra- 
sonic studies since Edler et al.8 first described the phasic characteris- 
tics of the aortic valve. Whereas single crystal echocardiography pro- 
vides important information concerning the structure and function of 
the left ventricular outflow tract, the cross-sectional two-dimensional. 
approach enhances spatial orientation, especially in infants and chil- 
dren, and may be expected to allow a more precise definition of a spe- 
cific site of obstruction.?-1? Our experience with real time, two-di- 
mensional echocardiography in evaluating the anatomic features of 
the left ventricular outflow tract in infants and children forms the 
basis of this report. The study describes the cross-sectional appear- 
ance of the various sites of left ventricular outflow tract obstruction; 
it does not provide quantitative data concerning dimensions of the 
cardiac chamber, wall thickness or contractile indexes reported by 
others. 1:3-14 
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FIGURE 1. Normal intracardiac anatomy seen in sagittal cross-section. The top of the transducer (asterisk) is superior. The panel at right is 
taken from a Polaroid photograph. Mitral-aortic and septal-aortic continuity are shown. The anterior (AML) and posterior (PML) mitral valve leaf- 
lets are separated in diastole. AML, aMVL = anterior mitral valve leaflet; Ant = anterior; Ao = aorta; Inf = inferior; LA = left atrium; LV = left — 
ventricle; LVPW = left ventricular posterior wall; PML, pMVL = posterior mitral valve leaflet; Post = posterior; RV = right ventricle; SEPT = in- 
terventricular septum; Sup = superior. (Reproduced by permission of the American Heart Association from Sahn et al."') 


Materials and Methods 


Case material: A multiple crystal echocardiographic 
system designed by Bom et al. was used to evaluate 35 
patients (average age 8.6 years, range 3 weeks to 16 years) 
with various types of left ventricular outflow tract obstruc- 
tion as delineated by clinical, hemodynamic and angio- 
graphic studies. Fifteen patients had valvular aortic steno- 
sis, five subvalvular aortic stenosis, nine supravalvular aor- 
tic stenosis and six idiopathic hypertrophic subaortic ste- 
nosis. The qualitative cross-sectional echocardiographic 
findings in these patients and 50 normal infants and chil- 
dren were compared to allow development of criteria for di- 
agnostic separation of the groups. 

Technique: All subjects were studied in the supine posi- 
tion with a 4.5 megahertz, 20 element transducer placed 
with a slight obliquity along the left sternal border parallel 
to the long axis of the left ventricular outflow tract. The 
length of the transducer (8 cm) permitted definition of the 
entire left ventricle and its outflow tract in infants and 
small children. In larger subjects, the transducer was 
moved superiorly along the long axis of the outflow tract to 
enhance selectively the definition of aortic and supravalvu- 
lar segments. 

The technical details of the cross-sectional method, its 
accuracy in identifying intra- and extracardiac structures 
and its past clinical applications have been described pre- 
viously.:-?-1? In brief, the multiple crystal ultrasonic sys- 
tem produces images at a frame rate of 80/sec. When fired 
sequentially, each element generates an independent 
brightness-modulated B-mode echocardiogram that con- 
sists of two lines. A tota! of 40 lines is displayed on an oscil- 
loscope in an arrangement duplicating their physical distri- 
bution. An electrocardiogram is displayed simultaneously 
on the oscilloscope. Data were recorded on video tape and 8 
mm motion picture film. Occasionally, still Polaroid? pho- 
tographs were obtained directly from the oscilloscope. The 
limitations of the system with regard to depth and gain-re- 
lated lateral resolution have been described.?.!4 
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The illustrations that accompany this report are of single 
frames derived from motion studies in real time visualized — 
best on the oscilloscope. Furthermore, they have been 
subjected to photographic enlargement from a small format 
(8 mm) motion picture film except for Figures 1, 3, 4 and 6, 
which are electrocardiogram-gated Polaroid prints. The 
full advantage of the multicrystal echocardiographic sys- 
tem is best appreciated by viewing moving images so that . 
the examiner learns to use the dimension of motion along 
with his previous knowledge of cardiac anatomy and func- 
tion to form a mental image superior to that conveyed in a 
static picture. 

Analysis: Ultrasonic studies were analyzed with respect 
to (1) presence or absence of poststenotic dilatation or su- | 
pravalvular narrowing of the aorta, (2) thickness and phas- 
ic characteristics of the interventricular septum at the level .- 
of the mitral valve, (3) thickness and phasic characteristics | 
of the aortic valve leaflets, and (4) presence or absence of  - 
abnormalities in the position, contour or phasic character- 
istics of the mitral valve. 


Results 
Normal Subjects S. 


A sagittal cross-section of the left ventricular out- — 
flow tract is illustrated in Figure 1. In young persons ~ 
with incomplete sternal calcification, the transducer 
may be moved more superiorly for enhanced visual- 
ization of the supravalvular aortic segment. The an- 
terior wall of the aorta is in continuity with the ven- | 
tricular septum. The posterior wall of the aorta is 
continuous with the anterior leaflet of the mitral 
valve. The subaortic portion of the outflow tract sep- 
arates the anterior mitral leaflet from the ventricular 
septum. The left atrium lies posterior to the aortic 
root. | 

Aortic valve leaflet tissue is best visualized in real 
time. The selected still frames in Figure 2 illustrate 
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the functioning of the normal aortic valve. In dias- 
tole, the coapted semilunar leaflets give rise to a dis- 
crete ultrasonic signal centrally placed just superior 
to the aortic anulus. During isovolumetric ventricular 
systole, there is posterior motion of the anterior leaf- 
let of the mitral valve without alteration in the un- 
opened aortic valve echo. With the onset of ventricu- 
lar ejection, aortic valve echoes are transiently en- 
hanced because opening of the valve provides acous- 
tical interfaces more perpendicular to the transducer 
elements. In real time, the cusps appear thin and 
there is brisk lateral mobility without significant su- 
perior excursion. 


Left Ventricular Outflow Tract Obstruction 


Supravalvular aortic stenosis: Eight of the nine 
patients had the typical anatomic hour-glass defor- 
mity with various degrees of hypoplasia of the as- 
cending aorta. One patient was shown angiographi- 
cally to have a discrete supravalvular membrane just 
superior to the aortic valve at the termination of the 
sinuses of Valsalva. In this patient, the cross-section- 
al ultrasonic examination disclosed persistent bright 
echoes that could not be distinguished from echoes 
originating from the aortic valve. In the remaining 
patients, a distinct impingement upon the lumen of 
the supravalvular aorta could be detected (Fig. 3). In 
two patients with associated aortic valve obstruction 
decreased mobility of cusp tissue was an additional 
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FIGURE 2. Normal aortic valve. The phasic motion 
characteristics of the normal aortic valve are illus- 
trated in selected still frames from an 8 mm motion 
picture. The diastolic closure line (upper left) is cen- 
trally placed. With the onset of pre-rejection systole 
(upper right) the mitral valve closes. During early sys- 
tole, the aortic leaflets separate (arrows) and move 
laterally toward the walls of the aortic sinuses of Val- 
salva with a brisk lateral mobility (lower panels). Ab- 
breviations as in Figure 1. 


finding, and in one patient the echocardiographic ex- 
amination also confirmed the presence of systolic 
prolapse of the anterior leaflet of the mitral valve. 

Valvular aortic stenosis: In the 15 patients with 
this anomaly, the key echocardiographic findings 
were poststenotic dilatation of the aorta, impaired 
mobility of cusp tissue and alteration in the phasic 
movement of the aortic valve (Fig. 4). 

Poststenotic aortic dilatation was appreciated as a 
progressive increase in the internal aortic root di- 
mension beyond the level of the valve anulus. Typi- 
cally observed in this group of patients were unusual- 
ly bright aortic valve echoes that persisted through- 
out both phases of the cardiac cycle. These echoes 
were considered to represent the ultrasonic equiva- 
lent of a thickened valve with impaired mobility. The 
echocardiographic representation of doming of the 
aortic valve was a distinct decrease from normal in 
the lateral excursion of valve echoes and an increase 
in their superior excursion. 

Two additional patients studied as part of this pro- 
tocol without aortic stenosis but with coarctation of 
the aorta appeared to have poststenotic dilatation. 
Neither had an aortic valve abnormality on echocar- 
diographic or angiographic study. As such, the pre- 
diction of aortic valve abnormalities on the sole basis 
of echocardiographic evidence of dilatation of the as- 
cending aorta would appear to lead to false positive 
diagnoses. In one 10 year old boy the combination of 
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FIGURE 3. Supravalvular aortic stenosis (SVAS), sagittal cross-sec- 
tion. The internal dimension of the aorta is reduced superior to the 
aortic (Ao) valve at the superior margin of the sinuses of Valsalva. 
At cardiac catheterization, the typical hour-glass deformity was 
demonstrated. MV = mitral valve; SEPT = septum. (Reproduced by 
permission of Yearbook Medical Publishers, from Goldberg et al. 16) 


valvular and discrete subvalvular obstruction with a 
parachute mitral valve abnormality was predicted 
echocardiographically and confirmed on subsequent 
hemodynamic study. 

Discrete subvalvular aortic stenosis: The prin- 
cipal finding in this group of five patients was a dis- 
tinct narrowing of the subvalvular outflow tract in all 
phases of the cardiac cycle. As shown in Figure 5, the 
area of the subvalvular outflow tract is reduced sig- 
nificantly in diastole, a finding that allowed distinc- 
tion of this group of patients from those with idio- 
pathic hypertrophic subaortic stenosis. Poststenotic 
dilatation of the aortic root and a moderate increase 
in intensity of aortic valve echoes were additional 
common features of cross-sectional study in these pa- 
tients. 

Quite distinctive findings were observed in one in- 
fant with a parachute deformity of the mitral valve 
(Fig. 6). In this 3 week old infant, the left atrium was 
greatly enlarged and abnormal structural and phasic 
characteristics of mitral valve motion were noted. 
Both the anterior and posterior leaflets of the mitral 
valve were thickened, persistently apposed in ven- 
tricular systole and poorly separated in diastole. 
Echoes from a single abnormally large papillary mus- 
cle were observed within the body of the left ventri- 
cle. Furthermore, discrete subaortic stenosis was sug- 
gested by the appearance in systole and diastole of 
persistent bright echoes on the mitral anulus of the 
subaortic left ventricular outflow tract. The constel- 
lation of findings suggested by cross-sectional echo- 
cardiographic examination in this patient was later 
confirmed by selective cardiac angiography. 

Idiopathic hypertrophic subaortic stenosis: In 
the six patients with this condition studied in real 
time, apposition of the asymmetrically hypertrophied 
septum and anterior leaflet of the mitral valve in sys- 
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FIGURE 4.Valvular aortic stenosis, congenital bicuspid aortic valve 
and poststenotic dilatation. Sagittal cross-section, systole. Top, in 
this case, mild poststenotic dilatation of the ascending aorta (Ao) is 
demonstrated. In real time, the aortic cusp echoes (arrows) persist 
throughout both systole and diastole with increased superior and re- 
duced lateral excursion. Bottom, in a second case, significant post- 
stenotic dilatation (large arrow) of the aorta is seen in this Polaroid 
still frame. The aortic valve (Ao) moved normally in this patient who 
had no hemodynamic gradient. S — septum; other abbreviations as 
in Figure 1. 


tole was readily apparent (Fig. 7). The asymmetric 
thickened superior portion of the interventricular 
septum was well seen, and malalignment in systole 
between the body and outflow tract of the left ventri- 
cle was also observed. 


Discussion 


Structurally and functionally, the left ventricular 
outflow tract is a dynamic conduit whose internal di- 
mensions at any level vary with phases of the cardiac 
cycle. In their various forms, malformations obstruct- 
ing left ventricular outflow constitute a significant 
percentage of all forms of congenital heart disease.!$ 
Clinical, hemodynamic and angiographic features of 
each of the common forms of left ventricular outflow 
tract obstruction have been comprehensively de- 
scribed.!9-19 It has frequently not been possible to 
distinguish accurately the various sites of obstruction 
before hemodynamic and angiographic studies de- 
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FIGURE 5. Discrete subvalvular aortic stenosis. Sagittal cross-sec- 
tion, diastole. Beneath the aortic anulus, a discrete, fixed obstruction 
is illustrated on the septum (arrow) with concomitant thickening on 
the mitral anulus (AML) encroaching upon the left ventricular outflow 
tract. In real time this narrowing persists throughout both phases of 
the cardiac cycle. AO — aorta; other abbreviations as in Figure 1. 


spite use of a variety of noninvasive diagnostic tech- 
niques. The findings of our study suggest that cross- 
sectional echocardiography will provide an important 
new means of differential diagnosis. 

All forms of aortic stenosis have been studied by 
single crystal echocardiographic  techniques.?0-?? 
Cross-sectional techniques that provide a two-dimen- 
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ciation of spatial intra- and extracardiac structural 
interrelations. Cross-sectional methods include single 
crystal stop-action techniques^? and those that allow 
real time observations by single or multiple!-?? crys- 
tal devices. Stop-action techniques are not particu- 
larly applicable to the study of infants and children, 
who may not remain immobile during the course of 
study. Motion studies in real time using single crys- 
tal, arc-scanning methods provide excellent resolu- 
tion of structures although the angle of the arc limits 
the size of the cardiac cross section.® Linear array 
multicrystal systems provide a large cross section, 
but the size of the individual transducers restricts ul- 
trasonic penetration and the resolution of deep struc- 
tures.^!* In this regard, no problems have existed in 
this or past studies in applying the multiple crystal 
technique to the study of infants and children.!9-1? 


Clinical Applications in Differential Diagnosis 


Our data demonstrate that cross-sectional echocar- 
diography allows accurate localization of the site of 
obstruction in patients with aortic stenosis. Post- 
stenotic dilatation of the aorta was an echocardio- 
graphic feature common to both aortic valve obstruc- 
tion and discrete subaortic stenosis. The cross-sec- 
tional approach was found to be substantially more 
accurate than plain chest roentgenography in detect- 
ing aortic root dilatation since the former method 
provided easy comparison between the internal di- 
ameters of the aortic valve anulus and the aortic root. 
In some patients, mild dilatation of the aortic root 
was detected by the cross-sectional echocardiograph- 
ic technique although it was not suspected by con- 
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FIGURE 6 (left). Subvalvular aortic stenosis with associated parachute deformity of the mitral valve. Sagittal cross-section. The left ventricular 
outflow tract (LVOT) beneath the aortic valve is narrowed. The anterior (AMVL) and the posterior (PMVL) mitral valve leaflets are attached to a 
single large papillary muscle (P). Abbreviations as in Figure 1. (Reproduced by permission of Yearbook Medical Publishers from Goldberg et al. 15) 


FIGURE 7 (center and right). Idiopathic hypertrophic subaortic stenosis during diastole (center) and systole (right). Sagittal cross-section from 
super 8 motion films (slightly retouched). The greatly hypertrophied interventricular septum (S) encroaches on the left ventricular outflow tract. 
The dynamic aspects of this form of obstruction are apparent. In systole, there is anterior motion of the anterior leaflet of the mitral valve (AML) 
with septal apposition of the leaflet (superior to the labeling arrow). Abbreviations in Figure 1 
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valve disease, or thickened and distorted aortic valve tion of the latter and the interventricular septum in ~ 
leaflets in association with other varieties of left ven- early to mid-systole. In contrast, the phasic charac- 2 
tricular outflow tract obstruction, was easily detect- teristics of mitral valve motion were essentially nor- . 


able by the appearance of bright persistent valve 
echoes with diminished lateral mobility and in- 
creased superior excursion during systole. The com- 
mon form of supravalvular aortic stenosis was detect- 
ed accurately by delineation of echoes at the superior 
margin of the sinuses of Valsalva that impinged 
clearly on the lumen of the aorta at that level. Dis- 


tinction was possible between fixed and dynamic 


forms of subaortic stenosis. Thus, patients with idio- 
pathic hypertrophic subaortic stenosis had ventricu- 
lar septal echoes in a pattern descriptive of asymmet- 
ric hypertrophy, as well as systolic anterior motion of 


mal in patients with discrete forms of subaortic ste- 
nosis, and the latter lesion was typified by promi- 
nent, persistent echoes in the subaortic region of the 
left ventricular outflow tract in both systole and dias- 
tole. | 

Real time cross-sectional echocardiography thus 
allows repeatable reproducible imaging of the left 
ventricular outflow tract and permits accurate local- 


ization of a specific site of obstruction and the detec- — 
tion of associated malformations. The technique pro- : 
vides valuable clinical information, is simply and rap- ~ 


idly performed and is without known risk. 
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Resolution is the ability of the echocardiographic system to distinguish 
closely lying structures. This is usually defined in two directions: later- 
ally (lateral resolution) and in depth (axial resolution). With use of 
short ultrasonic pulses, axial resolution is not a major problem. By far 
the more important problem is the limited lateral resolution that results 
from the finite beam width of current ultrasonic devices. This results in 
the display of echoes that originate from off-axis structures. How these 
off-axis or “spurious echoes" affect the display is a function of the 
way the echographic information is handled. 

In conventional M-mode tracings, spurious echoes are displayed at a 
site where there is no directly corresponding anatomic structure, 
whereas with two-dimensional imaging, these echoes may result in im- 
portant distortions of structures. The underlying principles are illus- 
trated by a clinical experiment wherein the ball of a Starr-Edwards mi- 
tral valve prosthesis serves as a target of known shape and dimen- 
sions. These data are used to elucidate some of the problems and po- 
tential errors encountered in the interpretation of clinical M-mode re- 
cordings of the aorta, mitral valve and the left ventricular endocardium 
as well as their cross-sectional analysis. They also explain the present 
limitations of quantification of left ventricular performance from cross- 
sectional images. 


One difficulty in the earliest efforts to develop echocardiography as a 
diagnostic tool was the identification of anatomic structures since the 
records lacked familiar landmarks. Through the careful anatomic and 
physiologic studies of Edler et al.,! subsequently confirmed and ex- 
tended by investigators using intracardiac ultrasonic indicators,?~4 
these problems were solved so that most cardiac structures have now 
been “mapped.” 

Another important advance was the incorporation into the systems 
of sensitive strip chart recorders by which M-mode sector scans could 
be made.? Identification of cardiac structures became much easier, 
and the anatomic interrelations of these structures could be demon- 
strated with confidence. More recently, two-dimensional ultrasonic 
systems have been developed to overcome the fact that the M-mode 
display has no simple, easily understandable relation to the true car- 
diac anatomy. A variety of technical approaches have now resulted in 
systems that represent a cardiac cross section in an image not unlike 
that obtained with cineangiocardiography.9-1? | 

Although the origin of most echoes can now reliably be identified 
by single- or two-dimensional systems alone or in combination, prob- - 
lems in interpretation have arisen because some echoes do not relate 
directly to a specific cardiac structure. These echoes, referred to as 
"spurious echoes" in this. study, result largely from the limited lateral 
resolution of ultrasonic svstems currently in use. Since ultrasonic en- 
ergy cannot be accurately focused, and in fact spreads out over a fi- 
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FIGURE 1. M-mode sector scan from 
aorta (Ao) toward the left ventricle 
(LV) in a patient with a Starr-Edwards 
mitral valve prosthesis (type 6310- 
3u). The tracing was obtained with an 
Aerotech 0.5 inch transducer, fo- 
cused at 7.5 cm. At left, the posterior 
ball echo is erroneously displayed in 
the left atrium (arrow) although the 
ball remains in its cage in the left 
ventricle. ECG = electrocardiogram; 
IVS = interventricular septum; LA = 
left atrium. 


nite angle, some echoes appear as if they are from 
structures in the central beam whereas in fact they 
are echoes from structures off the central axis. Al- 
though this effect has been recognized by physi- 
cists,!®14 clinicians have scarcely paid attention to 
it!^ and often are not even aware of it although it may 
lead to misinterpretation of clinical tracings and 
cross-sectional images. It is the aim of this study to 
clarify some of these problems and to identify the 
clinical errors that may result. Knowledge of these 
factors may aid in understanding some of the dif- 
ficulties encountered in quantitative measurement of 
cross-sectional images!® and may improve the accura- 
cy of left ventricular dimensional measurements in 
M-mode recordings. 


Observations 


A Clinical Experiment 


To test whether the true location and shape of a cardiac 
structure are accurately represented in the resulting echo- 
graphic display, it would be helpful to study a target whose 
shape is known beforehand. The ball of a Starr-Edwards 
mitral valve prosthesis provides such a clinical experiment. 
In this situation the ultrasonic beam scatters in biologic 
tissues before hitting the target. The intensities used (af- 
fecting the beam width) and the gain settings (affecting the 
axial resolution)!* are also comparable to those of the aver- 
age clinical situation. Echographic motion patterns of 
Starr-Edwards ball and cage valves have been analyzed 
with use of simultaneously recorded cinefluorography!? 
and electromechanical events,!9?:!? so that identification of 
specific structures is possible. 

One-dimensional display: An M-mode sector scan ob- 
tained from a patient with a Starr-Edwards prosthesis in 
the mitral position is shown in Figure 1. At left, the ultra- 
sonic beam is directed through the aorta and the left atri- 
um. There should be no evidence of the ball, since it is in 
its cage in the left ventricle. However, in the tracing it also 
appears to be in the left atrium. Echoes of the ball extend 
toward the apex of the left ventricle as well, and remain 
visible throughout the complete sector scan from the aorta 
toward the apex. The conclusion must be that echoes are 
shown at a site where there is no corresponding structure. 

Two-dimensional display: In Figure 2, a sagittal cross 
section through the heart at end-systole is shown. It was 
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FIGURE 2. A sagittal cross section following the long axis of the 
heart in a patient with a Starr-Edwards mitral valve prosthesis in 
place. The true cross section of the ball (type 6310-3M) is outlined. 
The echo return from the anterior surface of the ball is distorted to a 


crescent-like pattern (B). Note also the similar distortion pattern of - 


the cage (C) of the prosthesis. Abbreviations as in Figure 1. 


obtained with use of a multicrystal ultrasonic system from 
a patient with a Starr-Edwards mitral valve prosthe- 
gis.9.1420 The true cross section of the ball is sketched. 
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From it one can see at once that the echo return is badly . 


distorted, providing a poor relation between the true spher- 


4 
la | 
, 


ical shape of the target and the crescent-like pattern seen : 


in the display (B). It is evident that important distortions 
occur in the two-dimensional images. 

Explanation of these spurious echoes: To explain 
these spurious echoes, let us consider the straightforward 


situation in which a single crystal emits an ideal “pencil- . 


like" beam (Fig. 3A) that is aimed at a point parallel to a 
spherical target. Obviously this beam will miss the target 
completely so that no echo will be seen in the display. Un- 


fortunately, the ultrasonic energy is not concentrated along _ 
a single axis but spreads out over a very finite angle. In Fig- _ 


ure 3B the same crystal is shown, emitting its real beam. 
The main beam passes the target without evoking echoes, 


but that part of the energy that is deflected from the main © 


axis does strike the target. The echo now displayed would 
be interpreted as an echo returning along that main axis 
when in fact it is not. The diagram demonstrates how even 
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. FIGURE 3. Diagrams demonstrating how spurious echoes result 
| ad from a spherical target when a single element transducer is used 
n (see text). 


A . FIGURE 4. Diagram demonstrating how a "'crescent-like"" pattern of 
. echoes results from a spherical target or ball when a multicrystal 
system is used (see text). 


: - with the use of a focused single element, erroneous echoes 
—— ean be obtained (Fig. 1). 
- — In the case of a multicrystal display the same problem is 
-—. compounded. Thus, echoes returning from targets on the 
w - ball off the central axis (that is, display axis) together con- 
Ee stitute a crescent-like echo pattern. The result is a com- 
: . pletely erroneous display of the true (spherical) shape, as 
Shown diagrammatically i in Figure 4 and demonstrated by 
- the clinical case in Figure 2. This is an extreme example 
- since a ball valve is a very strong reflector with specular re- 
E. E flectivity characteristics. Its analog is unlikely in biologic 
E. tissues or structures. Nevertheless, it serves to identify a 
, fundamental drawback not only of two-dimensional dis- 
~~ Plays, but also of all ultrasonic systems. 


: E Spurious Echoes of the Mitral Valve and Aorta 


q One-dimensional display: With an ideal pencil-like ul- 
b * trasonic beam, the recorded echoes should represent the 
| $ . correct position of each reflecting structure in the beam 
M . axis. In Figure 5 this situation is schematically shown for 
~ that part of the reflecting anterior mitral valve leaflet 
— through which the ideal beam passes vertically. Because of 
ES the imperfections in the beam width, parts of the mitral 
— valve “off axis" will also be “seen” by the transducer. Al- 
E though the parts of the mitral valve labeled 1, 2 and 3 are 
— struck in a predominantly vertical manner, the resulting 
. display shows them behind each other in the form of multi- 

Dé ple parallel echoes. 
x z _ This phenomenon is demonstrated clinically by the M- 
.. mode, sector scan (Fig. 6) from a patient with an atrial sep- 
- tal defect of the secundum type and a large left to right 
shunt (2.5:1). The mitral valve was found to be ely 






FIGURE 5. Diagram of a saggital cardiac cross section with a single 
element transducer in place to record the anterior mitral valve leaf- 
let. The main beam (a) passes through the valve at position 2. How- 
ever, because of the finite beam width, part of the energy along di- 
rections b and c will also encounter the valve at positions 1 and 3. 
Thus, some parts of the valve that are side by side will be displayed 
behind each other, leading to parallel moving echoes in the resulting 
M-mode display shown below. 


normal during open heart surgery, although the multiple 
mitral valve echoes during systole could suggest mitral 
valve disease. Similarly, echoes from the root of the aorta 
indicated by arrow A are picked up while the transducer is 
aimed at the mitral valve. The off-axis origin from the pos- 
terior aortic wall is inferred from the shape of the echo and 
from its timing within the cardiac cycle, which is similar to 
that of echoes obtained when the main beam is aimed di- 
rectly at the aorta. 

Two-dimensional display: In a two-dimensional dis- 
play a rather different appearance results from these multi- 
ple echoes from the anterior mitral valve. Whereas with a 
single element, multiple adjacent parts of the same valve 
leaflet are displayed as if they were behind each other (Fig. 
5), a "verticalization-effect" occurs in cross-sectional im- 
ages. This is diagrammatically shown for a multicrystal sys- 
tem in Figure 7. A sagittal cross section obtained from a 
normal person will look like the photograph in Figure 8, in 
which the shape of the mitral valve is distorted and much 
thicker than the thin structure it actually is. This occurs as 
there are several vertically superimposed spurious echoes 
appearing in the display. These same problems affect the 
display of the aortic root and, as a consequence, determina- 
tion of the long axis of the left ventricle. Indeed, it is diffi- 
cult to assess to what extent spurious echoes of the root of 
the aorta extend into the left ventricular cavity. This ob- 
viously causes serious limitations to quantitative studies of 
ventricular dimensions in the determination of the long 
axis. 


FIGURE 6. Spurious echoes from mi- 
tral valve and aorta. M-mode sector 
scan from the left ventricle toward 
the aorta obtained from a patient with 
an atrial septum defect of the secun- 
dum type. An Aerotech 0.5 inch 
"transducer focused at 7.5 cm was 
used. There are spurious echoes of 
the posterior aortic wall (arrow A) at 
the level of the mitral valve and multi- 
ple echoes of the anterior mitral 
valve leaflet (arrow P). The valve was 
found to be normal at operation. RV 
= right ventricle; TV = anterior tri- 
cuspid valve; other abbreviations as 
in Figure 1. 


Erroneous Echoes of the Endocardium 


The proper identification of the left ventricular endocar- 
dial echoes becomes more important when attempting to 
assess the function of the left ventricle from its moving di- 
mensions. The same distortions occur but, because of the 
complicated contraction sequence and the changing geo- 
metric structure of the left ventricular cavity, some specific 
problems result, especially for left ventricular cross-sec- 
tional imaging. 

One-dimensional display: When studying left ventricu- 
lar dimensions in M-mode recordings, one may see mis- 
leading echoes of the endocardium. This is demonstrated 
by the M-mode recording of the standard left ventricular 
dimension of Figure 9 obtained from a normal subject. 
With an “0.5” inch transducer “focused at 7.5 cm," the en- 
docardial echo is recorded at a low gain. When the gain is 
increased, multiple parallel moving echoes that probably 
originate off the main axis are picked up during diastole 
(arrow). Since the gain can be easily modulated and the 
system has high resolution, identification of the true endo- 
cardial echo is easily accomplished. Note also in Figure 9 
that these echoes merge during systole. 'This might be ex- 
plained by the angle of inclination of the endocardium 
toward the ultrasonic beam, gvhich becomes more “favor- 
able," causing the spurious echoes to occur closer to the 
true endocardial echo. These features are demonstrated for 
a multicrystal array in Figure 10 but apply for each single 
element as well. 


IL 


FIGURE 8. Distortion of mitral valve echoes with a 
multiscan. Sagittal cardiac cross section following the 
long axis of the left ventricle. Note the peculiar display 
of the mitral valve (MV) which is seen as multiple verti- 
cal echoes (diagrammatically shown in Figure 7). RV — 
right ventricle; other abbreviations as in Figure 1. 
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FIGURE 7. The multiplication of the erroneous echoes from each 


single crystal as demonstrated in Figure 5 results in a ''verticalization 


pattern” of the mitral valve when a multicrystal system is used. 


Two-dimensional display: Spurious echoes particularly _ 


affect the display in systems using a multicrystal array. 


The explanation is diagrammatically represented in Figure 


10. The strength of the echoes is related to the angle at 


which the ultrasonic beam hits the target.!? If the target is — 


perpendicular to the beam, that is, favorable," the reflect- 
ed echo is strong and both true and phantom echoes fall to- 
gether. When the same target is inclined, less energy will 


return to the crystal and the echoes become weaker. Fur- — 
thermore, the higher the angle of inclination of the target — 


to the direction of the beam, the further the phantom 


echoes are displayed from the true endocardial surface. — 


Thus, the amount of distortion increases with the inclina- 
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Sharai drawing of the left ventricular posterior wall. 

yeah the endocardium are distorted in the vertical direction. 

ls is more pronounced when the inclination of the target to 
_ the ultrasonic beam increases until at a certain angle, there is no 
m O ə echographic return. This results in poor visualization of the 
- ape: c. The internal shape of the left ventricle is distorted because the 
m $ed endocardial surface (solid line) is erroneously displayed by the 


ir 2. 


sy i 


dL 
T on until at. a certain angle no echoes return to the crystal, 
jus | explaining, i in part, the poor visualization of the apex. 
un iese problems are demonstrated in the cross sections, 
in Figu > 11, obtained from a normal subject, in which the 
doca rdial surface is represented by vertical lines (verti- 

ion effect). The effect is most marked at the left side 
of tł e septum. Moreover, the apex is poorly defined. The 
ol en encountered “drop-out” phenomenon (the sudden 
I. ISS ae echoes from an anatomic structure in the ultrasonic 
beam) is similarly explained. For example, when the shape 
of 3b e EIE Ubitrieular chamber is irregular, parts of the sep- 
or the posterior wall, or both, may have an unfavorable 
lation to the ultrasonic beam, resulting in poor recep- 
Me e choes and thus “missing” parts of these structures 
























pos Adr p Discussion 

Pies Moral resolution of echoes (spurious 
choes): By far the most serious limitation of cur- 
ently used pulse-echo systems is the poor lateral res- 
o tution described in this paper. Because ultrasonic 


b of the beam there will always be echoes generated 
gud received from structures located away from the 
in or or display axis. This effect depends also on 

sor Y ie jd quency a and element size. Although this 
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in systole, which is a well known normal finding (Fig. | 


ing was interpreted as separation of the leaflets. Dis- ^ 
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FIGURE 9. Spurious echoes from the ONERE 
dium in a standard echocardiogram used for d 
mensional measurements of the left ventricle D 
(see text). CAR = carotid arterial tracing; ch = —  . 


chordae tendineae; LVPW = left ventricular 
posterior wall; RV = right ventricle; other ab- — 
breviations as in Figure 1. y RAV d 
*Dropout" of echoes: Beam width is only 2 a rela- - DEN 
tive indication since strong reflectors in a given direc- - RT. E 
tion will be “seen,” whereas weak reflectors will not. - d 


Thus, echo amplitudes from reflecting structures | n 
may vary widely, again depending on several physical — 
factors. These are the attenuation of sonic energy — 
with propagated distance due to absorption in the - 
tissues and differences in acoustic impedance and © p * 
angle of incidence of the ultrasonic beam. Further- — 
more, currently used systems can display echoes only | x 
within a selected limited range of amplitudes. As ws, yates 
direct consequence of all these factors, anatomic | T 
structures may not be seen in the display (*drop-  . 
outs") and a false positive diagnosis of a ventricular | x PN. 


^ 


septal defect might be made, as demonstrated in Fig- yu 
ure 8. On the other hand, the beam width limits th t 


smallest size of a septal defect when it is ideally per- - a 

pendicular to the direction of the sonic beam. A RURE i IS 
false negative diagnosis will often be made. In con- 
trast to suggestions made by others,? we have never — 
been able to visualize reliably ventricular septal de- . Sol 
fects proved by cardiac catheterization data. (iie s 
. Overlapping of echoes: On the other hand, the —_ 
visible echograms may show too much. This is due | fuer 3 


not only to the lateral resolution but also to the echo | "a 
length, which influences the image (axial resolution). f 2 z 
With too high gain settings, there will be several __ 
overlapping echoes and it then becomes difficult to — 

identify and locate a specific interface or structure. d ^i 
This principle has resulted in specific examination. 


^. 


techniques in particular for mitral stenosis, pericar- — 
dial effusion and atrial myxoma where proper gain am 
settings can avoid false positive or negative ge. Aa ee 
gig: 5,15,22,23 APA 


_ Errors in interpretation of mitral valve mo- a o 
tion: A common problem of interpretation resulting — 
from the limited lateral resolution in M-mode record- - M 
ings is the appearance of multiple mitral valve echoes | (4 


6). However, we are aware of several cases in which | e^ 
mitral incompetence was assessed because the find- - 


ek ues » of " es are introduced i in the two- y= nine E 
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FIGURE 11. End-diastolic (top) and end-systolic (bottom) (see right 
edge of the electrocardiogram) cross sections obtained from a pa- 
' tient with minimal heart disease as used for calculation of left ven- 
tricular volumes. The outer contour of the left ventricle is composed 
of vertical lines (most apparent at the septum) which hampers the 
correct identification of the endocardium. Note also the poor visual- 
ization of the apex and the difficulty to locate the aortic and mitral 
valve plane. All these factors limit the possibility to exactly define the 
long axis and to outline the surfage area of the left ventricle and 
hence volume calculations. Abbreviations as in Figure 1. 


dimensional displays. This can be clearly demon- 
strated for the mitral valve when a multicrystal array 
is used (Fig. 8), but the distortions are also seen in 
the cross sections obtained with a mechanical scan- 
ner using a focused transducer.!?!! Spurious echoes 
of the posterior aortic wall recorded with the mitral 
valve echogram could suggest systolic anterior move- 
ment of the valve. Here, a false positive diagnosis of 
idiopathic hypertrophic subaortic stenosis could be 
made by the inexperienced examiner.?* 

Problems of interpretation in measuring left 
ventricular dimensions and volumes: Another re- 
lated problem arises in the measurement of internal 
left ventricular dimensions. It is clear that the loca- 
tion of an interface in the display is determined by 
the location of the first (onset) rather than the last 
deflection produced by the echo. When higher gain 
settings (often needed because the endocardium- 
blood interface is a poor reflector) are used, the 
length of the echoes increases and thus endocardial 





RESOLUTION PROBLEMS IN 







~~. 


echo of the left side of the interventricular septum is 
extended into the left ventricular cavity. Then when 
the internal left ventricular dimension is measured, a 
5 percent error is easily introduced especially on po- 
laroid photographs, where the definition of echoes is 
limited as a result of the spot size on the screen. This 
results in an error of 15 percent when the cube law is 
used to calculate the estimated volumes.”° Therefore, 
one should always measure dimensions from the 
onset of the echoes in M-mode recordings. 

Spurious echoes and related distortions seriously 


limit visualization of the true internal size and shape . 


of the left ventricle, which has important clinical im- 
plications. Indeed, since complete visualization of the 
shape of the left ventricle is a unique feature of two- 
dimensional systems, cardiologists are tempted to an- 
alyze these left ventricular cross sections quantita- 
tively in very much the same manner as angiocardio- 
grams.?9-?5 However, the poor correlation coefficient 
and the large standard errors found in a series of 50 
consecutive patients whose left ventricular volumes 
were calculated from angiocardiograms and ultrason- 
ic cross-sectional images by means of the area-length 
formula?? indicate that no reliable relation exists.!$ 
The reason for this poor correlation is clear from the 
earlier discussion since there may be many spurious 
echoes of the aortic root, mitral valve or endocardium 
in a cross-sectional display. Other pitfalls are incom- 
plete visualization of the apex and, often, missing 
segments in the record. Accurate measurements of 
the long axis and correct tracing of the inner contour 
of the left ventricle are crucial for volume calcula- 
tions. Errors in these measurements are further com- 
pounded when formulas for volume calculations are 
used. Viewing a moving image on a screen alleviates 
some of these problems since the human capability 
for pattern recognition is unsurpassed. This problem 
has its analog in the analysis of still frames from a 
moving picture obtained with cineangiocardiography. 
To use the entire series of moving images would re- 
quire special processing techniques. These are at 
present under development in our laboratory and 
elsewhere, but their efficacy is as yet unproved. 
Problems of interpretation in identifying endo- 


cardial echoes: Endocardial M-mode recordings also E 


suffer from the same lateral resolution problem but, 
although multiple parallel echoes are often recorded 
(Fig. 9), identification of the central endocardial echo 
is much easier than in a two-dimensional display, 
particularly when high resolution systems are used. 
Indeed, because the “‘true” endocardial echo has the 
greatest intensity, it is the last to disappear when 
gain settings are gradually decreased. With a less 
flexible or less sensitive system—for example, those 
with direct photographs—all these echoes may be 
seen together as a single wide echo. Consequently, 
measurement errors are readily made, as with the 
single scan. However, because of the advanced sys- 
tems now used for M-mode recordings, and the avail- 
ability of a convenient tracing, measurements are 
more reliable now than formerly. 

It has been suggested that the steepest moving 
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|... echo of the left ventricular posterior wall represents 
=~ the endocardium. It often makes contact with the 
| posterior chordal echoes during systole in smaller- 
| sized ventricles,*?? and spurious echoes of the endo- 
... Cardium could thus be mistaken for chordal echoes. 
| However, careful inspection of the multiple echoes 
... from the region of the endocardium in Figure 9, re- 
= veals that they all have the same motion pattern. 
This is unlikely for a chordal echo since the latter 
. Should be influenced to some extent by the mitral 
. valve motion in diastole and therefore show a differ- 
_ ent pattern. Furthermore, the greater intensity of the 
. endocardium during systole may suggest that its 
. angle of inclination toward the ultrasonic beam be- 
| comes more “favorable.” This also explains why the 
b spurious echoes would merge with the true endocar- 
_ dial echo. A chordal origin of some of these echoes 
| A has been suggested by the observation that, when the 
- left ventricular cavity was outlined exactly through 
. injection of ultrasonic markers,‘ the echoes fell with- 
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in the cavity; however, this observation does not dis- 
prove our alternative explanation. 

In addition to recognizing the factors enumerated, 
investigators should be aware that quantitative anal- 
ysis of these "still" frame images requires consider- 
able knowledge and experience. A thorough knowl- 
edge of the basic physics of echocardiographic tech- 
niques, their pitfalls and limitations, as well as a clear 
understanding of cardiac anatomy, pathology and 
physiology are necessary. Thoughtless application of 
a new technique leads to misinterpretation and may 
actually hamper its development as a diagnostic 
tool.?? The history of quantitative angiocardiography 
has an interesting and perhaps relevant lesson for 
echocardiographers: Although analysis of video lines 
rather than the complete two-dimensional picture is 
only now being proposed as a more accurate process 
for quantitating angiographic images,?.3? the tech- 
nique of echocardiography started with analysis of a 
single dimension. 
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Each effervescent tablet in solution supplies 25 mEq m 


potassium as bicarbonate and citrate. 
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e Convenient dosage ° Economical ° Two easy-to-take flavors 


Indications: K-Lyte is an oral potassium supplement 
for therapy or prophylaxis of potassium deficiency. 
It is particularly useful when thiazide diuretics, cor- 
ticosteroids, or severe vomiting and diarrhea cause 
excessive excretory potassium losses; and when 
dietary potassium is low. Carefully monitored, it may 
also bë useful for potassium replacement where dig- 
italis intoxication results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oli- 
guria or azotemia; Addison's disease, hyperkalemia 
from any cause. 

Warnings and Precautions: Since the amount of po- 
tassium deficiency may be difficult to determine 
accurately, supplements should be administered 
with caution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxica- 
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tion rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are 
variable. They include listlessness, mental confusion, 
and tingling of the extremities. Frequent checks of 
the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypo- 
kalemia, attention should also be directed toward 
other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized 
patients and such patients should be monitored by 
ECG for cardiac irregularities. To minimize the pos- 
sibility of gastrointestinal irritation associated with 
the oral ingestion of concentrated potassium salt 
preparations, patients should be carefully directed 
to dissolve each dose completely in the stated 
amount of water. 
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Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort may occur with the use of 
potassium salts. 

Dosage and Administration: Adults: 1 tablet (25 mEq. 
potassium) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending upon 
the requirements of the patient. The normal adult 
daily requirement is approximately 50 mEq. of ele- 
mental potassium. NOTE: It is suggested that this 
product be taken with meals and sipped slowly over 
a 5-10 minute period. 

How Supplied: K-Lyte effervescent tablets (orange or 
lime flavors) cartons of 30 and 250. 
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MAY 25-JUNE 4 SPECIAL GROUP TOUR PACKAGE 


Here is an opportunity to attend this important Congress as economically as possible. 
The inclusive 11-day tour price of $839.00 per person includes— 





Round-trip air transportation from San Francisco to Japan via Japan Air Lines 
Deluxe/first class hotels in Tokyo, Hakone and Kyoto 

Guided sightseeing tours with English-speaking escorts 

Continental Breakfast daily, plus inflight meals 

Airport and Rail Station transfers 

Surface transportation by fast “Bullet Train" 

All taxes, service charges and entrance fees, where applicable 

Depart May 25-Return June 4 


For information and/or reservations, fill in coupon below and j mail ail today! 


Astra International Travel, Inc. 
332 South Michigan Avenue 
Chicago, Illinois 60604 Tel: (312) 922-3082 


Please send more information O reserve space for me O on The 8th International Heart Congress Tour, to be held in Tokyo, 
Japan, May 27-29, 1976. 
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: first-pass dynamics of cardiac wall motion 





NORMAL PATIENT. Anterior View. Ejection Fraction 6396. (A) Image at End Systole shows volume displacement flow is maximum in the 
aorta and volume is minimum in the ventricle. (B) Image shows that volume displacement flow is minimum in the aorta and volume is maximum 
in the ventricle at End Diastole. (C) ES, with perimeter at ED superimposed, shows normal volume displacements and symmetric wall motion 
band due to motion of the septal and lateral walls. (D) Subtraction of stroke volume from ES, with ED perimeter superimposed, shows that all 
volume displacements in the stroke volume exceed volume components in residual distribution at ES. 








ABNORMAL PATIENT. Anterior View. Ejection Fraction 34%. (A) ES, showing spatial distribution of volume components. Abnormally 
high residual volume at ES in the ventricle compared to volume flow components in the aorta. (B) ED, showing distribution of left heart 2H 
volume components. Comparison with ES suggests relative lack of ventricular volume displacement du ring systole. (C) Lack of wall motion Mg 
is indicated by very narrow wall m@tion band between ED perimeter and the ES distribution along the septal wall to the apex. Wall motion De 
of the lateral wall is closer to normal. (D) Volume component in ES distribution exceeds stroke volume displacement because of reduced “4 
anterior or posterior wall motion proximal to the septal wall. 





Shown here are stop-action data extracted from the representative cycle of first-pass images showing od 
hemodynamics of the left heart, including volume distribution of end systole, end diastole, end systole with “al 
the end diastolic perimeter superimposed, stroke volume subtracted from end systole with end diastolic 

perimeter superimposed. These images provide the basis for the clinical diagnosis of ventricular wall motion, | 
in addition to providing data for a closer examination of specific areas for evidence of hypokinesia, akinesia, A 
or dyskinesia. 


Because of the high count rate of System Seventy Seven's multicrystal matrix detector, no ECG gating was 


required. These studies are therefore unique in nuclear medicine and, because of the computer built into ^7 
the system, remarkably fast and easy to perform. There is simply no other gamma camera that can do all 4 
that you see here. | ^ 
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In the shock syndrome 
due to myocardial infarction... 


INTROPIN 
(dopamine HCl) 


helps increase cardiac output 
and vital organ perfusion 


^ 


Intropin is a drug to consider for ke 
correction of hemodynamic imbalances 
in the shock syndrome due to myocardial 
infarction, after assuring an adequate 
airway and correcting existing 
hypovolemia. 





N 
Thè drug for the heart 


Increases myocardial contractility* 
Increases stroke volume* 

Increases cardiac output* 

Increases blood pressure due to inadequate 


cardiac output" * 


without apparently increasing myocardial 
oxygen supply/demand ratio** 


and without increasing total peripheral 
resistance** 


that reflects itself in the kidney 


Increases renal blood flow** 
Increases glomerular filtration** 
Increases urine output" * 


Increases sodium excretion" * 


*at intermediate dose ranges (5 to 30 mcg/kg/min) 
**at low-to-intermediate dose ranges (2 to 30 mcg/kg/min) 


See following page for full prescribing information. 
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| LETS r eTA ere eee ee GE EAE Extray: - ROPIN shuld be fasa Y i ein whenever possible to prevent the — 
li s ATN T® TEE RES Shae ; ^ possibility of extravasation into tissue adjacent to the infusion site. Extravasation may cause — 
Es iA TROPIN (dopamine HCl) necrosis and sloughing of surrounding tissue. Large veins of the antecubital fossa are preferred — . 


to veins in the dorsum of the hand or ankle. Less suitable infusion sites should be used only if 
the patient's condition requires immediate attention. The physician should switch to more” * 
suitable sites as rapidly as possible. The infusion site should be continuously monitored VA 


—... 5 ml. AMPUL/FOR LV. INJECTION 


flow. 









E. | i i ; i i atherosclerosis, arterial embolism, Raynaud's disease, cold injury, diabetic endarteritis, and 

c 7) AN ae ahi een di aca 0 aaa na aa Buerger's disease) should be closely monitored for any changes in color or temperature of the , 

P j skin in the extremities. If a change in skin color or temperature occurs and is thought to be the ~ 

er | | result of compromised circulation to the extremities, the benefits of continued INTROPIN 

iara - infusion should be weighed against the risk of possible necrosis. This condition may be 

E HO CH,CHNH, - HCI reversed by either decreasing or discontinuing the rate of infusion. 

E: IMPORTANT—Antidote for Peripheral Ischemia: To prevent sloughing and necrosis in ischemic 

E HO ier to 10m a Regine? brand of phentolasia Lae fc blocking ot Asyingewithe 

er . to 10 mg. itine? ( entolamine), an ergic ing agent. À syringe with a 

Es MAU E a MAREM e 
e : : : : : area. Sym Dio e phen e causes imm and conspicuous yperemic 

"e Dopamine hydrochloride is a white, odorless crystalline powder, freely soluble in water and changes if the area is infiltrated within 12 hours. Therefore, phentolamine should be given as soon as 

au soluble in alcohol. It is sensitive to light, alkalis, iron salts and oxidizing agents. Bie afte Moo aitaren kiied pbi shouid tes MEM 

Es ^ SAN of sterile, Dru fros INTROPIN Injection contains 4 mp. of dopamine p ' 

Ex hydrochloride (equivalent to 32.96 mg. of dopamine base) in Water for Injection, i : 

P ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in an increased ^ myocardium to the action of certain intravenously administered catecholamines. This interac- 

kr cardiac output. INTROPIN produces less increase in myocardial oxygen consumption than ^ tion appears to be related both to pressor activity and to beta adrenergic stimulating properties 

< ~ isoproterenol and its use is usually not associated with a tachyarrhythmia. Clinical studies of these catecholamines. Therefore, as with certain other catecholamines, and because of the 

LL Regni INTROFIN usualy increases sol an pulse pressure wee no efector thera arytmogei potential, NTROPIN shoul be used with EXTREME CAUTION in 

E < therapeutic doses is usually unchan ed. Blood flow to peripheral vascular beds may decrease PANEO NOT CYTORFOPANY Dr DEVGOAN, DUOC OCADOR Seer, 


Careful Monitoring Required—Close monitoring of the following indices—urine flow, cardiac 
output and blood pressure—during INTROPIN infusion is necessary as in the case of any 
adrenergic agent. 


while mesenteric flow increases. INTROPIN has also been reported to dilate the renal vascula- 
ture presumptively by activation of a ‘‘dopaminergic’’ receptor. This action is accompanied by 
increases in glomerular filtration rate, renal blood flow, and sodium excretion. An increase in 
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PAS ^ 
ps urinary output produced by dopamine is usually not associated with a decrease in osmolality Of ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical evaluation of 
fm” the urine. INTROPIN included ectopic beats, nausea, vomiting, tachycardia, anginal pain, palpitation, - 
x INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances present in dyspnea, headache, hypotension, and vasoconstriction. Other adverse reactions which have 
Ree). the shock syndrome due to myocardial infarctions, trauma, endotoxic septicemia, open heart been reported infrequently were aberrant conduction, bradycardia, piloerection, widened QRS 
Surgery, renal failure, and chronic cardiac decompensation as in congestive failure. complex, azotemia, and elevated blood pressure. 
S Where —€— restoration of blood volume with a suitable ey expander or whole DOSAGE AND ADMINISTRATION: 

blood should be instituted or completed prior to administration of INTROPIN. ; 
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-= Patients most likely to respond adequately to INTROPIN are those in whom physiological 

parameters, such as urine flow, myocardial function, and blood pressure, have not undergone 
profound deterioration. Multiclinic trials indicate that the shorter the time interval between onset 
of signs and symptoms and initiation of therapy with volume correction and INTROPIN, the 


.. better the prognosis. 


Poor Perfusion of Vital Organs—Urine flow appears to be one of the better diagnostic signs by 
which adequacy of vital organ perfusion can be monitored. Nevertheless, the physician should 
also observe the patient for signs of reversal of confusion or comatose condition. Loss of pallor, 
increase in toe temperature, and/or adequacy of nail bed capillary filling may also be used as 
indices of adequate dosage. Clinical studies have shown that when INTROPIN is administered 
before urine flow has diminished to levels approximately 0.3 ml./minute, prognosis is more 
favorable. Nevertheless, in a number of oliguric or anuric patients, administration of INTROPIN 
has resulted in an increase in urine flow which in some cases reached normal levels. INTROPIN 
. May also increase urine flow in patients whose output is within normal limits and thus may be of 
value in reducing the degree of pre-existing fluid accumulation. It should be noted that at doses 
above those optimal for the individual patient, urine flow may decrease, necessitating reduction 
of dosage. Concurrent administration of INTROPIN and diuretic agents may produce an additive 
or potentiating effect. 


Low Cardiac Output—tIncreased cardiac output is related to INTROPIN's direct inotropic effect on 
the myocardium. Increased cardiac output at low or moderate doses appears to be related to a 
favorable prognosis. Increase in cardiac output has been associated with either static or 
decreased systemic vascular resistance (SVR). Static or decreased SVR associated with low or 
moderate increments in cardiac output is believed to be a reflection of differential effects on 
specific vascular beds with increased resistance in peripheral beds (e.g. femoral) and con- 


i Apud decreases in mesenteric and renal vascular beds. Redistribution of blood flow parallels 
m s thes e í n 


so that an increase in cardiac output is accompanied by an increase in mesenteric 


and renal blood flow. In many instances the renal fraction of the total cardiac output has been 


E . found to increase. Increase in cardiac output produced by INTROPIN is not associated with 


substantial decreases in systemic vascular resistance as may occur with isoproterenol. 


; Dd i ypotension due to inadequate cardiac output can be managed by administration 

-of low to moderate doses of INTROPIN. which have little effect on SVR. At high therapeutic 
. doses, INTROPIN's alpha adrenergic activity becomes more prominent and thus may correct 
-hypotension due to diminished SVR. As in the case of other circulatory decompensation states, 
prognosis is better in patients whose blood pressure and urine flow have not undergone 
profound deterioration. Therefore, it is suggested that the physician administer INTROPIN as 
— Soon as a definite trend toward decreased systolic and diastolic pressure becomes evident. 


-CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 


— WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachyarrhyth- 


mias or ventricular fibrillation. 
NOT add INTROPIN to any alkaline diluent solution, since the drug is inactivated in alkaline 
solution. | 
= Patients who have been treated with monamine oxidase (MAO) inhibitors prior to the 
administration of INTROPIN will require substantially reduced dosage. Dopamine is 
metabolized by MAO, and inhibition of this enzyme prolongs and potentiates the effect of 
INTROPIN. The starting dose in such patients should be reduced to at least one-tenth (1/10) of 
the usual dose. 
[m5 in Pregnancy—Animal studies have revealed no evidence of teratogenic effects from 
INTROPIN. In one study, administration of INTROPIN to pregnant rats resulted in a decreased 
survival rate of the newborn and a potential for cataract formation in the survivors. The drug 
may be used in pregnant women when, in the judgment of the physician, the expected benefits 
outweigh the potential risk to the fetus. 
Usage in Children—The safety and efficacy of this drug in children has not been established. 
INTROPIN has been used in a limited number of pediatric patients, but such use has been 
inadequate to fully define proper dosage and limitations for use. Further studies are in progress. 
PRECAUTIONS: Avoid emia—Prior to treatment with INTROPIN, hypovolemia should be 


WARNING: This is a potent drug: It must be diluted before administration to patient. 


Suggested Dilution— Transfer contents of one ampul (5 ml. eben 200 mg. INTROPIN) by 
aseptic technique to either a 250 ml. or 500 ml. bottle of one of the following sterile intravenous 


solutions: 
1) Sodium Chloride Injection, USP 5) Dextrose (5%) in Lactated Ringer's 


2) Dextrose 5% Injection, USP Solution 
3) Dextrose (5%) and Sodium Chloride 6) Sodium Lactate (1/6 Molar) 
(0.9%) Injection, USP Injection, USP 


4) 5% Dextrose in 0.45% Sodium 
Chloride Solution 


These dilutions will yield a final concentration for administration as follows: 
250 ml. dilution contains 800 mcg./ml. of INTROPIN 
500 ml. dilution contains 400 mcg./ml. of INTROPIN 

INTROPIN has been found to be stable for a minimum of 24 hours after dilution in the sterile 
intravenous solutions listed above. However, as with all intravenous admixtures, dilution 
should be made just prior to administration. 

Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline intravenous 
solutions, since the drug is inactivated in alkaline solution. 


Rate of Administration—INTROPIN, after dilution, is administered intravenously through a 
suitable intravenous catheter or needle. An i.v. drip chamber or other suitable metering device 
is essential for controlling the rate of flow in drops/minute. Each patient must be individually 
titrated to the desired hemodynamic and/or renal response with INTROPIN. In titrating to the 
desired increase in systolic blood pressure, the optimum dosage rate for renal response may be 
exceeded, thus necessitating a reduction in rate after the hemodynamic condition is stabilized. — 

Administration at rates greater than 50 mcg./kg./min. have safely been used in advanced 
circulatory decompensation states. If unnecessary fluid expansion is of concern, adjustment of 
ie concentration may be preferred over increasing the flow rate of a less concentrated 

ilution. 


Suggested Regimen: 

1. When appropriate, increase blood volume with whole blood or plasma until central venous 

pressure is 10 to 15 cm H,0 or pulmonary wedge pressure is 14-18 mm Hg. . 

2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute INTROPIN in 

patients who are likely to respond to modest increments of heart force and renal perfusion. 
In more seriously ill patients, begin administration of diluted solution at doses of 5 

mcg./kg./minute INTROPIN and increase gradually using 5 to 10 meg ./minute increments 

OPIN in excess of 50 


7) Lactated Ringer's Injection, USP 


up to 20 to 50 mcg./kg./minute as needed. If doses of INT 
mcg./kg./minute are required, it is io ect that urine output be checked noone . Should 
urine flow begin to decrease in the absence of hypotension, reduction of INTROPIN dosage 


should be considered. Multiclinic trials have shown that more than 50% of the patients were 
satisfactorily maintained on doses of INTROPIN less than 20 mcg./kg./minute. In patients who 
do not respond to these doses with adequate arterial pressures or urine flow, additional 
increments of INTROPIN may be employed in an effort to produce an appropriate arterial 
pressure and central perfusion. 

3. Treatment of all patients requires constant evaluation of therapy in terms of the blood volume, 
vi sere of myocardial contractility, and distribution of peripheral perfusion. Dosage of 
INTROPIN should be adjusted according to the patient's response, with particular attention to 
diminution of established urine flow rate, increasing tachycardia or development of new 
dysrhythmias as indices for decreasing or temporarily suspending the dosage. . 
4. As with all potent intravenously administered drugs, care should be taken to control the rate of 
administration so as to avoid inadvertent administration of a bolus of drug. 


OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure 
elevation, reduce rate of administration or temporarily discontinue INTROPIN until patient's 
condition stabilizes. Since INTROPIN's duration of action is quite short, no additional remedial 
measures are usually necessary. If these measures fail to stabilize the patient's condition, use of 
the short-acting alpha adrenergic blocking agent, phentolamine, should be considered. 


HOW SUPPLIED: 5 ml. ampuls containing 40 mg. dopamine HC! per milliliter. 


^38 


Hypovol 
fully corrected, if possible, with either whole blood or plasma as indicated. 


Decreased Pulse Pressure—if a disproportionate rise in the diastolic pressure (i.e. a marked 
decrease in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate 
should be decreased and the patient observed carefully for further evidence of predominant 
vasoconstrictor activity, unless such an effect is desired. 
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-CDC 70. | STAR 100 


The most versatile cardiac diagnostic unit! 


Flexible, yet economical! 





Holter Monitor-Scanner;. 
Stress testing; 
Resting ECG 


The only single instrumesmt that allows total 
{system utilization in these important cardiac diagnos- 
tic functions in office, clinic or hospital. 

NEW ARC 150 Arrhythmia Counter option pro- 
vides accurate quantitative data from your Holter 
tapes. It provides hourly and total counts of QRS, 
PVC and other ectopic beats at scan speeds. 

Full 12 lead capability for resting ECG and 
stress testing with universal compatibility to interface 
with existing computer technology. Innovative design 
and solid state circuitry give you a most reliable 
system to suit your needs. 


Stress testing 
and Rehabilitation; 
Resting ECG 


New from Medcraft, the STAR 100, specifically de- 
signed to give you the most wanted features in Stress 
Test and Rehabilitation equipment. 

Non-fade Memory Scope, Heart Rate Meter with 
alarm system, full AHA frequency response and many 
other builtin features make operation simple and 
convenient. 

Optional features such as built-in Telemetry, 
Recorder-Programmer and others further enhance 
convenience and versatility of the STAR 100. 

A full line of treadmills, cables, accessories and 
supplies are available from Medcraft to complement 
your present and future programs. 


Sales and Service on these and other fine Medcraft products are available from a nationwide network of 
factory trained representatives. For further information on purchase or leasing at convenient terms, 


please contact: 
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Box 542 


Medcraft Incorporated 


Skippack, Pennsylvania 19474 
Phone 215/584-6825 


Medcraft is a registered trademark of Hittman Corp. 


See us at the 
A.C.C. Convention, 
Feb. 23-26 at 
booths 224 & 226. 
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Body fluids create a hostile 

. envwronment for sensitive electronic 
circuits. It takes only a few sodium ions, 
seeping through microscopic pores, to 
jeopardize the integrity of a pacemaker's 
internal electronics. 

Five years of research have now 
resulted in an improved type of pacemaker 
package specifically designed to minimize 
the danger of infiltration by body fluids. 
The Edwards Laboratories' Model 8116 
Ventricular Inhibited Pulse Generator is 
totally enclosed in a metal container and 
hermetically sealed with an electron beam. 





as its bon 


d in metal, sealed with an 


Safety, the major consideration. 


The Model 8116 exterior case is fabricated 


from Haynes Alloy 25, a biologically 
compatible material. The metal enclosure, 
encasing both electronics and power 
supply, also provides extra protection 
against electromagnetic interference, and 
results in a reduced profile. 

But the ultimate question is the 
safety and integrity of the exterior seals. 
Every Model 8116 Pacemaker undergoes 
two separate evaluation checks, once to 
test the glass-to-metal electrical seal of 
the connector, and again to test the 
electron-beam bond that seals the metal 
enclosure. 

Protection in depth. Additional 
safety factors include a chemical system 
for entrapping hydrogen gas (liberated 
during battery discharge), the strength of 
the metal enclosure itself, and the elec- 
tronic filters and metallic shields that pro- 
tect against electromagnetic interference. 


r electron beam, the STARR-EDWARDS’ ™ Model 81f6 
ix cemaker i is designed for survival in the hostile environment of the human body. 


Further reliability and safety are 
provided by an improved type of battery, 
the RM-1 Group II Mallory Mercury Cell. 
Stable timing circuits give advanced 
warning when batteries near the end of — 


their useful life. Reflecting these i improve. 


ments, the Model 8116 Pacemaker carries 
a 48-month warranty and replacement 
allowance. 

For a demonstration of the Model 
8116, as an integral part of the complete 
Edwards Cardiac Pacemaker System, 
contact Edwards Laboratories, RO. Box 
11150, Santa Ana, California 92711, 714/ 
557-8910, Cable: EDSLAB, Telex: 68:5567. 


C EDWARDS 
( ] LABORATORIES 
EM. 


Division of American Hospital Supply Corporation 


acemaker is only as good 








J E e" af y f > "e que Ch He ry ase 
VES aves > 1 b 5 IBI Ss -y 25821 DE D 
tja ACA. ^ L 


Tid 

x A 
oh | 

ee | 
S8 
uq 
ma 

1 

| 

d 










ee 


E 


e 
2 46 


nv. s ^ 
' tal lad. 
-fi 


Zo Nt ich AT. 


a? 


$1 5. 
oe 
<1 


E =) cp o 
p x a e 
LAUR, mar dd p 


5 


4 


MAS ng 
"M 


AY 


THE DATASCOPE M/D2 SYSTE 
THE FIRST RESCUE 
SYSTEM AS FLEXIBLE AS THE 
PEOPLE WHO USE IT. 





If there's one thing you can 
' sure bf in cardiac rescue, it's 
gt you cant be sure of anything. 

Every situation, either in the 
yspital Gr in the field, presents 
'W problems, and requires new 
lutions. 

At Datascope, we ve been in 
nergency medicine since its 
ception. 

Our equipment has faced just 
out everything. And from that 
(perience we ve put together a 
stem that's prepared to face 
iything: the M/D2 System. 

The M/D2 System is built on 
1e very simple principle. Every 
strument in the system must be 
dependent and not compro- 
ised by any other instrument. 

In keeping with this philoso- 
1y, our monitor, our defibrillator 
id our strip-chart recorder each 
ive a separate battery source. 
ne unit never puts a drain on 
other. 

But to see its flexibility, let's 
ke our system apart, instrument 
i instrument. 


OUR MONITOR. 


The monitor in the M/D2 
stem nests inside the defibril- 
tor. You can carry the monitor 
id defibrillator, use it, and store 
as one unit. 

But the monitor pulls out of 
e M/D2 case and works as a 
parate unit as well. So it can be 
acedright ona patient s stretcher 

the field. Or put in the most 
lvantageous viewing position at 
e bedside. 





S. PATENT 3,865.101 


[n addition to being so flex- 
ible, our monitor outperforms any 
monitor in emergency medicine. 

It has a 5-inch scope with a 
8 x 11 cm. viewing area. 
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It has a memory which pro- 
vides a bright, non-fade display 
that's remarkably clear even in 
strong sunlight. 

It has a freeze button which 
lets you stop the ECG for closer 
study. 

Its the only emergency moni- 
tor with a digital heart rate read- 
out. And because the readout is 
an LED display, you can even read 
it in the dark. 


OUR DEFIBRILLATOR. 


Like our monitor, our defib- 
rillator has its own battery-pack. 

Itstheonly defibrillator made 
that gives you a digital energy 
meter. Which displays both stored 
energy and the results of delivered 
energy tests. 





The defibrillator is exception- 
ally safe. A warning tone sounds 
when the selected energy level is 
reached. 

Energy cannot be delivered 
unless the push-button switch 
on each paddle is actuated 
simultaneously. 

The energy within the defib- 
rillatorisautomatically discharged 
when the unit is turned off. 





For paramedic use, the M/D2 
is available completely shielded 
against RF interference across 
the entire communications band. 


OUR RECORDER. 


Our recorder is flexible as 
well. It's carried separately and 
powered separately. (For good 
reason. A recorder powered by a 
common battery puts anenormous 
drain on the other instruments in 
the system.) 

Our recorder weights only 11 
pounds. And when youre using 
our monitor outside the M/D2 
case, our recorder fits right into 
the space the monitor vacated. 
Which allowseveneasier transport. 


OUR RAPID CHARGER. 


Although the M/D2 comes 
with a standard battery recharger, 
we Offer the first rapid recharging 
unit as part of our system. Our 
Rapid Charger allows you to de- 
fibrillate with just 60 seconds of 
recharge. And in just 10 minutes 
it will recharge the defibrillator to 
at least 60% of total capacity. 


THE SYSTEM. IT’S MORE 
THAN ANY OFITS PARTS. 


Three independent units. 
Three independent battery-packs. 
And a Rapid Charger. They work 
together, or apart. They give you 
more ability to react than any 
single unit ever could. 

For more information on the 
M/D2 System, write: Datascope 
Corp., 580 Winters Avenue, 
Paramus, N.J. 07652. 


THE DATASCOPE 
M/D2 


Cranio-caudal capability: 
on Philips Cardio Diagnost, 
its more than just 

another interesting view. 


In certain cases, the cranio-caudal (or half- 
axial) projection improves visualization of 
Cardiac anatomy. 


For examplėċthe-cranio-caudal view of the 
left main coronary artery clearly separates 
the proximal divisional branches. In other 
areas, too, you re better able to define the 
degreeðfoccelusion:--or obtain data to 
support or substantiate evidence given by 
other projections. 


That's what the Cardio Diagnost’s new 
cranio-Capability offers you: another valuable 
diâgnostic tool. 


Plus all the features that have established the 
Cardio Diagnostas a preferred system in 
cinefluorographic angiography: such as: 


— Fixed focus-image intensifier distance for 
precise collimation: 


— Ease of scanning—in any patient plane and 
close to the chest wall. This permits a narrow 
beam technique that reduces X-ray scatter fo 
the operator and jn the image. 


— The U-arm. It rotates tube and intensifier in 
fixed relationship around the patient, leaving 
him comfortably stationary. 


— Superior image quality and information with 
the minimum amount of radiation. 


— A better, more comfortable working environ- : 
ment for you because the entire examination 
can be performed from one fixed point. 





its an excellent 
diagnostic tool. 


And it's easily added 
o every Cardio Diagnost! 
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How did we add cranio-caudal capability to 
he Cardio Diagnost? We just modified our 
nobile examination table to lock ẹasily into a 
iew pivoting service base. Now the table can 
e angled left or right... effortlessly, of course!) 


?^hilips: we never stop looking for a better way. 


Vrite for additional information. 


'HILIPS MEDICAL SYSTEMS, INC. 


10 Bridgeport Avenue, Shelton, Conn. 06484 pD H i L f D ® 
el. (203) 929-7311 


® IMN Philips of Helland 
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AMERICAN COLLEGE OF CARDIOLOGY EXTENDED LEARNING 


NOW YOU CAN PARTICIPATE IN A MONTHLY AUDIOTAPE 
PROGRAM EXCLUSIVE TO THE FIELD OF CARDIOLOGY 


This multimedia (tapes, slides, printed booklet) audio tape program includes 60 minutes of clinically 
oriented information on the art of diagnosis and treatment of cardiovascular disease to its subscribers 
each month. The audio cassette tapes include recorded panel discussions interviews with noted 
authorities and self-assessment quizzes. In addition, 35 mm slides and a monthly personal continuing 


education notebook are supplied as a part of this professional service. 


Join the more than 4,500 subscribers who are listening each month. 
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——— Available directly from the AMERICAN COLLEGE OF CARDIOLOGY ———————  — 


Please ente? my one year (12 issues) subscription to ACCEL' 


| enclose $ for the plan checked below: 





PLAN A 
CASSETTE TAPES WITH 
GENERAL ELECTRIC PLAYER/RECORDER 
[] ACC member, $120 
[] Non-member, $130 
(U.S. Funds) 


PLAN B 
CASSETTE TAPES ONLY 
[] ACC member, $70 
[] Non-member, $80 
(U.S. Funds) 
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Isosorbide Dinitrate for the Relief of Severe 
Heart Failure After Myocardial Infarction 


JOHN A. MANTLE, MD 

RICHARD O. RUSSELL, Jr., MD, FACC 
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Severe congestive heart failure secondary to myocardial infarction re- 
mains a difficult management problem. Although intravenous vasodila- 
tors and mechanical assist devices have been reported to improve the 
depressed hemodynamic function, these interventions are limited to 
the intensive care unit and cannot be used for long-term management. 
This study evaluates the hemodynamic and symptomatic response to 
sublingual administration of isosorbide dinitrate (5 to 10 mg) in seven 
consecutive patients with severe congestive heart failure after anterior 
wall myocardial infarction. 

Serial measurements of mean right atrial and pulmonary arterial 
end-diastolic pressure, mean blood pressure, heart rate and cardiac 
output were obtained during the control period and during the 4 hours 
after administration of isosorbide dinitrate. The peak response oc- 
curred approximately 30 minutes after drug administration with an 83 
percent reduction in mean right atrial pressure (from 6 to 1 mm Hg, P 
« 0.02), a 36 percent reduction in pulmonary arterial end-diastolic 
pressure (from 25 to 16 mm Hg, P <0.0001) and a 6 percent reduction 
in mean blood pressure (from 94 to 88 mm Hg (P <0.05). There were 
small but statistically not significant increases in cardiac index (from 
2.3 to 2.6 liters/min per m? and stroke work index (from 26 to 32 g- 
m/beat per m?). The total systemic vascular resistance was reduced 
by 5 percent from 1,605 to 1,518 dynes sec cm ? (P <0.10). The 
baseline heart rate of 105 beats/min was not significantly changed. 
The reduction in pulmonary arterial end-diastolic pressure became sta- 
tistically significant (P <0.05) between 15 and 30 minutes after admin- 
istration of isosorbide dinitrate and remained significant for 3 to 4 
hours. This reduction of pulmonary arterial end-diastolic pressure to 
less than 22 mm Hg was associated with relief of the patients' pulmo- 
nary symptoms. The response to nitroglycerin (0.4 mg) was similar in 
magnitude but of much shorter duration (approximately 15 minutes for 
nitroglycerin versus 4 hours for isosorbide dinitrate). Left ventricular 
function curves were constructed to compare the effects of isosorbide 
dinitrate in patients with and without congestive heart failure. The 
slope (calculated by dividing the change in cardiac index or stroke 
work index by the change in pulmonary arterial end-diastolic pressure) 
was significantly (P « 0.05) depressed in the patients with congestive 
heart failure. These data demonstrate that the symptomatic pulmonary 
venous hypertension can be effectively relieved by isosorbide dinitrate 
without further compromising left ventricular function. 


Severe heart failure complicating acute myocardial infarction re- 
mains a difficult management problem. The development of safe bed- 
side techniques for catheterization of the pulmonary artery and mon- 
itoring of the left ventricular filling pressure and cardiac output at 
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J ISOSORBIDE DINITRATE FOR ISCHEMIC HEART. .FAILURE—MANTLE ET. AL 


Bhs patient’s bedside has significantly enhanced the 
early recognition, assessment and management of 
these patients.*~ Emergency surgery should be con- 


be. sidered in patients with rupture of the ventricular 


. septum or papillary muscle whose condition con- 
 tinues to deteriorate, but in the majority of these 


cases, medical management is indicated during the 


initial 4 to 5 weeks.^? Intravenously administered va- 
B oodilators and mechanical assist devices have been 


: D reported to improve left ventricular function and to 


provide circulatory support in selected patients.9-!? 
But these interventions, are restricted to an intensive 
care unit, can have a significant morbidity and can- 
. not be used for long-term medical management.!?-14 
Nitroglycerin, administered sublingually, has been 
used to reduce the increased left ventricular filling 


— pressure in congestive heart failure after acute myo- 


cardial infarction but the effect is of short duration.!5 
Isosorbide dinitrate, administered sublingually, has 
been reported to have a prolonged vasodilator effect 
in patients with coronary artery disease but without 
recent myocardial infarction.!97 Franciosa et al.!8 
have reported a prolonged reduction of the left ven- 
. tricular filling pressure and systemic blood pressure 
— after oral administration of isosorbide dinitrate in 12 
patients with heart failure, of whom 7 had coronary 
artery disease and 4 a recent myocardial infarction. A 
combination of orally administered isosorbide dini- 


3 _ trate and topical nitrates has also been described!? to 


RAM ie 


benefit a patient with depressed left ventricular func- 
-tion and symptomatic pulmonary congestion. Our 
p study was designed to assess both the hemodynamic 
and the clinical response to sublingually adminis- 
tered isosorbide dinitrate in patients with severe 
- heart failure after myocardial infarction. 


Methods 


Case material: Seven consecutive patients with severe 


— symptomatic heart failure after anterior myocardial infarc- 
-. tion constituted the study group. The diagnosis of myocar- 
. dial infarction was documented by the clinical presentation 


of severe chest pain, the development of new Q waves in 
- the anterior electrocardiographic leads and a characteristic 
rise and fall of the serum cardiac enzymes. Four patients 
- had oliguria, in addition to the clinical findings of dyspnea, 

. orthopnea and rales, and their condition was refractory to 
_ intravenously administered furosemide before isosorbide 
_ dinitrate was administered. Two patients had a large ven- 
` tricular aneurysm, two a ruptured ventricular septum and 
one had severe mitral regurgitation secondary to a rupture 
of the anterior papillary muscle. These complications of 
myocardial infarction were confirmed at cardiac catheter- 
ization. Four additional patients with severe left ventricu- 
- lar dysfunction after anterior wall myocardial infarction re- 
ceived nitroglycerin (0.4 mg) to compare the duration of 
the hemodynamic response to isosorbide dinitrate. The re- 


 . sponse to sublingually administered isosorbide dinitrate 


(10 mg) was also determined in five patients with docu- 
mented coronary artery disease but no clinical or hemody- 
namic evidence of heart failure to examine the relation be- 
tween left ventricular function and the hemodynamic ef- 
fects of isosorbide dinitrate administration. 


_ The time of entry into this study ranged from several 


hours after the onset of chest pain for those patients who 
initially presented to our emergency room to several weeks 
after the acute myocardial infarction for those patients who 
were transferred to our institution for further management 
of their ischemic heart disease. Informed consent according 
to the Declaration of Helsinki was obtained from all pa- 
tients. 

Hemodynamic measurements: A pulmonary arterial 
thermistor catheter was introduced through an antecubital 
vein and positioned under fluoroscopic control in the pul- 
monary artery. All hemodynamic measurements were re- 
corded with the patients at bed rest. The mid-point of the 
anteroposterior diameter of the chest was used for the zero 
pressure level. A computerized monitoring system was used 
to measure the mean right atrial pressure, pulmonary arte- 
rial end-diastolic pressure, thermodilution cardiac output 
and heart rate.2° The blood pressure was obtained with a 
sphygmomanometer. 

The cardiac index was calculated as: CI = cardiac out- 
put/body surface area in liters/min per m?. The stroke 
work index (SWI) was calculated as: SWI = SI x (MSP — 
LVFP) X 0.0136 in g-m/beat per m? where SI (stroke 
index) = Cl/heart rate; MSP (mean systemic systolic pres- 
sure) = 0.8 (systolic-diastolic) + diastolic?!; and LVFP (left 
ventricular filling pressure) = pulmonary arterial end-dia- 
stolic pressure.?? The pulmonary arterial end-diastolic 
pressure was compared with the pulmonary arterial wedge 
pressure obtained by inflation of the balloon to ensure the 
accurate measurements of the left ventricular filling pres- 
sure. The mean blood pressure (BP) was calculated as BP 
= (systolic blood pressure + 2X diastolic pressure)/3.?? 

Protocol: Control pressure, heart rate and cardiac out- 
put measurements were obtained with the patient at bed- 
rest and free of chest pain. Isosorbide dinitrate (5 or 10 mg) 
was then administered sublingually and the response was 
recorded by the following schedule. The pulmonary arterial 
end-diastolic pressure, mean right atrial pressure, blood 
pressure and heart rate were obtained every 5 minutes for 
the first 30 minutes then at 45 minutes and 1 hour, and 
then every 30 minutes thereafter for at least 4 hours. The 
cardiac output determinations were repeated in triplicate 
at 30 minutes, 1 hour and then every hour thereafter for a 
total of 4 hours. After the initial hemodynamic studies of 
the response to the isosorbide dinitrate, the patients were 
begun on a regular program of sublingual isosorbide dini- 
trate (5 to 10 mg) every 3 or 4 hours and Isordil Tembid® 
40 mg before sleep. Serial measurements of the right atrial, 
pulmonary arterial and systemic blood pressure were con- 
tinued at hourly intervals for 1 to 3 days until the catheter 
was removed. 'T'he response to diuretic agents was carefully 
recorded before and after administration of isosorbide dini- 
trate. The nitroglycerin hemodynamic studies were con- 
ducted in a similar manner but were terminated after 1 
hour. The sublingual dose of 0.4 mg of nitroglycerin was 
chosen to produce a maximal effect of similar magnitude to 
that of the sublingual isosorbide dinitrate dose of 5 to 10 
mg. 15-17 

The hemodynamic effect of sublingual isosorbide dini- 
trate was examined by constructing left ventricular func- 
tion curves. The cardiac index and stroke work index were 
related to the pulmonary arterial end-diastolic pressure be- 
fore and 30 minutes after administration of isosorbide dini- 
trate. The slope of the function curve was calculated by di- 
viding the change in the cardiac index or stroke work index 
by the change in the pulmonary arterial end-diastolic pres- 
sure. The standard paired t£ test or two sample £ test was 
used for the statistical analysis of the data. 


I 





TABLE I 





Hemodynamic Values Before and 30 Minutes (Maximal Effect) After Sublingual Administration of Isosorbide Dinitrate 





Pressures (mm Hg) 





— HR CI (liters/min SWI (g-m/beat 
RA PAEDP BP (beats/min) per m?) per m?) TSR (dynes sec cm~) 
Case no C ISD C ISD je ISD C ISD E ISD G ISD C ISD 
1 5 1 25 12 91 80 120 118 31 3.3 28 29 1218 929 
2 29 19 118 115 9B 86 2.2 2.3 36 43 1967 1872 
3 6 0 20 14 120 112 85 80 2.2 2.0 45 41 2086 2178 
4 24 17 90 73 82 86 2.0 2.0 27 22 1894 1543 
5 24 14 77 77 88 88 2.0 B 19 i4. v 1460 ei 
6 8 2 26 19 77 72 117 112 1.8 13 1363 x 
7 24 14 86 86 146 148 2.8 3.3 18 24 1250 1027 
Mean 
+SEM 6 1 25 16 94 88 105 103 2.3 2.6 26 32 1605 1518 
+1 +6 +1 +1 +7 +7 +9 +9 +0.2 + 0.3 +4 +4 + 138 + 235 
P <0.02 <0.0001 <0.05 NS NS NS <0.1 


BP = mean systemic arterial blood pressure; C = control; Cl = cardiac index; HR = heart rate; ISD = 30 minutes after sublingual administra-_ x 


tion of isosorbide dinitrate; NS = not significant; P = probability based on paired t test; PAEDP = pulmonary arterial end-diastolic pressure; RA > 
= mean right atrial pressure; SEM = standard error of the mean; SWI = stroke work index; TSR = total systemic resistance. 


Results 
Hemodynamic Effects 


Table I lists the hemodynamic data and mean 
values before and 30 minutes after sublingual admin- 
istration of isosorbide dinitrate for the seven patients 
with left ventricular failure after acute myocardial 
infarction. The initial mean right atrial pressure was 
slightly elevated (6 mm Hg) whereas the pulmonary 
arterial end-diastolic pressure was markedly elevated 
(25 mm Hg), consistent with the clinical presentation 
of acute pulmonary edema. The cardiac index was re- 
duced (2.3 liters/min per m?) and the stroke work 
index was markedly reduced (26 g-m/beat per m?), 
thus documenting the severe left ventricular dysfunc- 
tion. The total systemic vascular resistance was ele- 
vated (1,605 dynes sec cm~°), reflecting the increased 
vascular tone of these patients with reduced cardiac 
output. 

The change in pulmonary arterial end-diastolic 
pressure produced by either nitroglycerin or isosor- 
bide dinitrate is shown in Figure 1. In the four pa- 
tients who received nitroglycerin, 0.4 mg sublingual- 
ly, the initially elevated pulmonary arterial end-dia- 
stolic pressure was significantly reduced from 22 to 
14 mm Hg at 5 minutes, with a rapid return toward 
the baseline value by 15 minutes. The seven patients 
who received isosorbide dinitrate demonstrated a 
similar reduction in pulmonary arterial end-diastolic 
pressure (from 25 to 16 mm Hg at 30 minutes, P 
<0.05). In contrast to the effect of nitroglycerin, the 
significant hemodynamic effect of isosorbide dini- 
trate persisted for 3 to 4 hours with the pulmonary 
arterial end-diastolic pressure remaining less than 22 
mm Hg. This reduction to less than 22 mm Hg in re- 
sponse to the sublingual administration of isosorbide 
dinitrate in these patients with severe heart failure 
was documented over the subsequent 1 to 3 day he- 
modynamic monitoring period. 

The maximal hemodynamic effects were observed 
30 minutes after administration of isosorbide dini- 
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FIGURE 1. Changes in pulmonary arterial end-diastolic pressure 


(PAEDP) produced by nitroglycerin or isosorbide dinitrate in patients — 


with congestive heart failure secondary to myocardial infarction. Ni- 
troglycerin or isosorbide dinitrate was given at time zero. Symbols 


represent means + standard error of the mean. The probability (p) - 
values are based on the paired t test. The peak effect of nitroglycer- — 


in occurred at 5 minutes; pulmonary arterial end-diastolic pressure 
returned to control value by 30 minutes. The peak reduction pro- 


duced by isosorbide dinitrate was similar in magnitude but the effect - 


persisted for up to 4 hours. SL — sublingually. 


trate and are shown in Figure 2 as percent change > 
from the baseline value for each variable. There was a 
highly significant reduction of both the mean right - 
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atrial pressure from 6 to 1 mm Hg (83 percent de- . 


crease) and the pulmonary arterial end-diastolic | 


pressure from 25 to 16 mm Hg (36 percent decrease). 
The mean blood pressure of 94 mm Hg was only min- 
imally reduced to 88 mm Hg which did not result in a 
clinically significant decrease in the peripheral tissue 


perfusion. The heart rate of 105 beats/min was not - 
significantly changed. The cardiac index was in- 
creased from 2.3 to 2.6 liters/min per m? at 30 min- . 
utes, accounting for a 13 percent increase, but the — 


difference was not significant. The stroke work index 
also increased at 30 minutes from 26 to 32 g-m/beat 
per m?, but again this change was not statistically 
significant. The elevated peripheral total vascular re- 


waa 
IN i 
"s 


- ISOSORBIDE DINITRATE FOR ISCHEMIC HEART FALURE- MANTLE ET AL. 


ki 


; 


im 


be 
E 
be 
s 
n 
Y 


n 
if 


E 


"APA TUE LONE grs CHO R TER RTT AB he bs MG =“, TNI | NT "JY RU Aa! 


"Ay 


ISOSORBIDE DINITRATE 
40 5—10 mg Sublingual 40 
TSR 20 


20 RA PAEDP BP HR CI SWI 


uJ "D 
Oo m 
z D 
Eu | $2 
z z 
ud 
-20 -270 > 
= e 
a “g 
E p -60 *P<0.05 -60 5 
a m 
+p<0.10 
-80 -80 





-100 x -100 
FIGURE 2. Hemodynamic response observed 30 minutes (peak ef- 


. feet) after sublingual administration of isosorbide dinitrate reported 
. as percent change from the control value with the standard error of 
.. the mean indicated. The probability (p) value is based on the paired t 


test. BP = mean systemic arterial blood pressure; Cl = cardiac 


index; HR = heart rate; PAEDP = pulmonary arterial end-diastolic 
—pressure; RA = mean right atrial pressure; SWI = 
- index; TSR = total systemic resistance. 
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_ FIGURE 3. Left ventricular function curves constructed to compare 
` the effect of isosorbide dinitrate on patients with and without heart 
failure (CHF). Arrowhead indicates the direction of change from the 
control point to the point 30 minutes after administration of isosor- 


— bide dinitrate. There was a significant difference between the slopes 


of patients with and without heart failure. Cl = cardiac index; N = 
number of patients; p = probability; PAEDP = pulmonary arterial 
end-diastolic pressure. 


me sistance of 1,605 was reduced by approximately 5 


percent. to 1,518 dynes sec cm^?. The hemodynamic 
— changes produced by the sublingual administration 


— of nitroglycerin were of similar magnitude to those 


- produced by isosorbide dinitrate but of shorter dura- 
tion (Fig. 1). 


The left ventricular function curves produced 


- by isosorbide dinitrate: These curves are shown in 
. Figure 3 with the cardiac index plotted against pul- 


. monary arterial end-diastolic pressure. The patients 


with congestive heart failure had a relatively flat left 


= ventricular function curve. In contrast, patients with 
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coronary artery disease without heart failure had a 
steep function curve. The difference between the 
slopes of these two populations is significant (P 
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FIGURE 4. Left ventricular function curves relating stroke work 
index to pulmonary arterial end-diastolic pressure further illustrate 
the difference between patients with and without heart failure and 
their response to isosorbide dinitrate. The differences between the 
slopes is significant (P <0.05). SWI = stroke work index; other ab- 
breviations as in Figure 3. 


<0.05). The control cardıac index in the patients with 
heart failure was lower than that of patients without 
heart failure but the means were not significantly dif- 
ferent. 

Left ventricular function curves were also con- 
structed by relating stroke work index to pulmonary 
arterial end-diastolic pressure (Fig. 4). Patients with 
congestive heart failure again had a flat slope in con- 
trast to those without heart failure, who had a steep 
slope. The difference between the slopes from these 
two populations is again significant at the 5 percent 
level. The difference between the normal baseline 
values for the patients without congestive heart fail- 
ure and the reduced stroke work index and elevated 
pulmonary arterial end-diastolic pressure for the pa- 
tients with heart failure is apparent. 


Clinical Effects 


The reduction of the pulmonary arterial end-dia- 
stolic pressure to less than 22 mm Hg was associated 
with a relief of the patients’ symptoms of pulmonary 
congestion. A diuresis of 500 to 1,000 cc was observed 
after the initial sublingual isosorbide dinitrate inter- 
vention in patients who had been unresponsive to 
large intravenous venous doses of furosemide. After 
the pulmonary arterial catheter was removed, each 
patient was permitted to walk receiving the same 
dose and schedule of sublingually administered iso- 
sorbide dinitrate. All demonstrated a fair to good ex- 
ercise tolerance. Only two patients required diuretic 
agents in addition to the regular program of isosor- 
bide dinitrate every 3 to 4 hours. There were no rec- 
ognized side effects from the isosorbide dinitrate in 
these patients. 

Two of the study patients died, one during the 6th 
week of convalescence from apparent extension of 
the infarction or arrhythmia, or both. The other pa- 


tient died from sepsis 4 days after mitral valve re- 
placement after an initially good postoperative recov- 
ery. The other five patients left the hospital ambula- 
tory, two patients after closure of ventricular septal 
rupture 4 and 5 weeks after infarction, one patient 
after resection of a large anterior wall aneurysm and 
mitral valvulotomy 4 weeks after infarction and two 
patients receiving long-term isosorbide dinitrate 
therapy. 


Discussion 


Patients who have severe heart failure after myo- 
cardial infarction have sustained extensive damage to 
the left ventricle?^?^ and their prognosis is poor. Pa- 
tients who have a reversible cause of the heart fail- 
ure, such as acute mitral regurgitation, a ventricular 
septal rupture or a large ventricular aneurysm, can 
benefit from an elective surgical intervention.*^? The 
benefit of coronary bypass surgery in patients with 
severe heart failure is under investigation.* Medical 
management is still required during the preoperative 
period, however, and indefinitely for the nonsurgical 
candidate. 

The observed hemodynamic response to sublingual 
administration of isosorbide dinitrate in patients 
with severe heart failure after myocardial infarction 
documents that the elevated pulmonary arterial end- 
diastolic pressure can be effectively reduced and the 
pulmonary edema can be relieved without further 
compromising left ventricular performance. The 
study of Franciosa et al.!? using orally administered 
isosorbide dinitrate demonstrated a similar reduction 
of the left ventricular filling pressure but did not pro- 
vide data on ventricular performance. The flat slope 
of the function curve from patients in this study with 
congestive heart failure indicates that ventricular 
performance is not significantly affected by the 
changes in the elevated left ventricular filling pres- 
sure that were produced by the isosorbide dinitrate. 
There was a slight increase in cardiac index and 
stroke work index observed after the isosorbide dini- 
trate in several patients. These findings are in con- 
trast to the significant reduction of the stroke work 
index in the patients with normal indices of ventricu- 
lar function before isosorbide dinitrate. 

Mechanism of hemodynamic effects: The reduc- 
tion of the elevated pulmonary arterial end-diastolic 
pressure, the reduction of the total systemic vascular 
resistance, the trend toward increasing the low cardi- 
ac output and stroke work index with only a minimal 
reduction in the mean blood pressure could account 
for the observed clinical response to this interven- 
tion. The mechanisms underlying these observed ef- 
fects are less clear. Similar to nitroglycerin, isosor- 
bide dinitrate appears to exert a greater vasodilator 
effect on the pulmonary and systemic venous system 
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than on the systemic arterial system.?9?7 The venous . 
vasodilation would appear to account for the reduc- — 
tion of the mean right atrial and left ventricular fill- - 
ing pressure in these patients without producing clin- | 


ically significant systemic hypotension. However, the 
reduction in the total systemic vascular resistance 
and diuretic response document that a clinically sig- 
nificant arterial vasodilation does occur after sub- 


lingual administration of isosorbide dinitrate. Sodi- — 


um nitroprusside has been reported to have a more 
pronounced vasodilator effect on the systemic arteri- 
al system and can produce profound hypotension.?? 
In addition to the known effect on vascular tone and 
coronary blood flow, isosorbide dinitrate may also af- 
fect compliance of the left ventricle and alter renal 
blood flow as suggested by these data. 

Clinical implications: Regardless of the mecha- 
nisms of action, the clinical response is impressive 


and provides a method for relieving pulmonary — 


symptoms and permitting ambulation despite severe 
left ventricular damage. The rapid resolution of pul- 
monary symptoms and diuretic effect observed with 


isosorbide dinitrate can eliminate the need for digi- | 
talis during the immediate postinfarction period and . 
reduce the electrolyte disturbance frequently in- — 
duced by diuretic drugs. The convenient route of ad- — 


ministration, long duration and apparent lack of sig- 
nificant side effects permit the use of isosorbide dini- 
trate, sublingually, in the intensive care unit and 
when the patient is ambulatory. 

We recommend that patients be initially moni- 


tored with serial measurements of pulmonary arterial — 


end-diastolic pressure, cardiac output and systemic 


blood pressures until it is established that they are — 


benefiting from this intervention. Once this has been 
established, these patients can be continued on long- 
term isosorbide dinitrate therapy after discharge 
from the intensive care unit. Before ambulation, the 
patient should have blood pressure recordings in the 
sitting and erect position to detect possible ortho- 
static changes. 

Although this medical program can relieve the 
symptoms of these patients, the effect on long-term 
prognosis remains unknown. 'T'he prognosis of the pa- 
tient will continue to be influenced by the extent of 
myocardial damage, the underlying coronary artery 


disease, rhythm disturbances and the recurrence of | 


myocardial infarction. Further studies will be re- 
quired to assess the use of isosorbide dinitrate for the 
long-term management of heart failure in patients 
with coronary artery disease. 
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Epidemiologic investigations have provided a portrait of the potential - 
candidate for coronary heart disease. This is important because aul | 
ies of the evolution of coronary disease in the general population re- - 
veal that it is à common disease that frequently attacks without warn- 
ing, can be silent in its most dangerous form and can present with sud i 
den death as the first symptom. Progress in identifying persons in jeop- - 
ardy and the factors needing correction makes it theoretically possibi 4 
to interrupt the chain of factors that eventuate in this disease. 

Coronary disease does not really begin with crushing chest pain, " 
pulmonary edema, shock, angina or ventricular fibrillation, but rather | 4 
with more subtle signs like a poor coronary risk profile. The risk factors 
can be treated quantitatively as ingredients of a cardiovascular risk - 
profile and their joint effect estimated. An efficient practicable set of 
variables for this purpose is a casual blood test for cholesterol and 
sugar, a blood pressure determination, an electrocardiogram and a 
cigarette smoking history. With this set of variables the risk of coro- - 
nary heart disease can be estimated over a 30-fold range and 10 per- - 
cent of the asymptomatic population identified in whom 25 percent of - 
the coronary heart disease, 40 percent of the occlusive peripheral ar- - 
terial disease and 50 percent of the strokes and congestive heart fail- - 
ure will evolve. The periodic use of the electrocardiogram at rest and 
after exercise in persons with a poor risk profile can demonstrate per- - 
sons with asymptomatic ischemic cardiomyopathy due to advanced 
coronary artery disease. 

Most cases of angina pectoris or myocardial infarction represent - 
medical failures; the conditions should have been detected years ear- - 
lier for preventive management. About 30 percent of patients with in- 
farction will shortly experience new angina, have an annual death rate - 
of 4 percent and a fourfold increased risk of sudden death. Reinfarc- 
tion will occur at an annual rate of 6 percent, and half the recurrences - 
will be fatal. Congestive heart failure must be expected at 10 times 
and strokes at 5 times the rate found in the general population. 5 

Although no major innovations are required to identify candidates for. 
coronary disease and to estimate their risk, we have much to learn - 
about motivating changes in behavior to control risk factors. Ap- 
proaches to prevention of coronary heart disease include public health 
measures to alter the ecology in favor of cardiovascular health, pre- 
ventive medicine directed at highly vulnerable candidates and hygienic - 
measures initiated by an informed public in its own behalf. b 
The Framingham Study was placed on an expanding frontier of epi- 
demiology in 1948 by Thomas R. Dawber, its principal architect. He 
implemented the study to explore the evolution of cardiovascular dis- 
ease in a general population sample.! Under his leadership a booys 
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j ‘knowledge concerning the ebiduintulbey of cardio- 
| vascular disease has evolved from prospective longi- 
tudinal study over the past 2 decades of a population 
oe in Framingham, Mass. Some of the lessons 

earned from the Framingham enterprise are worth 
: peviewing, 







. Evolution of the Concept of Epidemiology 


ro EB oideniclogy has undergone a dramatic metamor- 
P phosis from Wade Hampton Frost’s “science of the 
_ mass phenomena of infectious disease" so that it is 
‘now more difficult to define either an epidemiologist 
[m his field of endeavor. Thomas Francis, Jr. was an 
important catalyst in the metamorphosis of epide- 
—miology as revealed by his papers on the epidemio- 
-logic approach to human ecology in respiratory dis- 
at coronary disease, diabetes and poliomyelitis, ge- 
etics, chronic disease and preventive medicine. ais 
is ability to see applications for the epidemiologic 
| dee in all aspects of human life has led some to 
define epidemiology simply as what the epidemiolo- 
r st is doing. 
S ahno: epidemiology is now best characterized as 
the study of the way morbid processes arise, evolve 
and terminate fatally in general population samples 
rather than in individual persons, identifying highly 
vulnerable persons and the personal attributes and 
living habits that make them vulnerable. Under- 
sta inding of the way morbid processes evolve in popu- 
de tions has great relevance to arriving at an under- 
_ standing of the occurrence of disease in individual 
- persons. The clinician is apt to characterize the epi- 
eo study as “only a statistical study.” But 
statistics should be a basic tool in all types of scien- 
- tific investigation, and it is difficult to delineate how 
the epidemiologic approach to unraveling the causes 
B »f morbid processes differs fundamentally from clini- 
ca or animal investigation. 
The practice of medicine is often characterized as 
an art as well as a science, and the same must be true 
E the practice of public health and preventive medi- 
cine. Both practices must be solidly based on a scien- 
tific foundation of hard, quantitative facts. But, as 
Feinstein’ has so aptly put it, *Man is worthy of sci- 
: atific attention not as tissue, not as blood, not as 
urine, not as molecules—but as man.” The epide- 
- miologist would expand this to “man in his total en- 
Bent z 


iX Epidemiologic Approach to Cardiovascular 
Disease 


E Over the past 2 decades prospective epidemiologic 
_ investigations such as the Framingham Study, have 
_ provided a reasonably undistorted assessment of the 

“natural history of atherosclerotic cardiovascular dis- 
- ease. Information has been gleaned concerning its in- 
' cidence over a span of many years, the total spectrum 
- of the disease in all who have it, its importance as a 

force of morbidity and mortality, the identity of 
| those who are especially vulnerable to it, the chain of 

events leading to its occurrence, and clues to its 
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pathogenesis. Hypotheses derived from clinical ob- 
servation concerning the factors believed important 
in its genesis have been tested, and the effect of each 
factor, singly and in combination, in promoting dis- 
ease has been determined. 

This report attempts to touch on each of these fea- 
tures of the epidemiology of cardiovascular disease as 
seen from the experience of 20 years in the Framing- 
ham Study. Beginning in 1949 a general population 
sample of 5209 men and women aged 30 to 62 years 
has been followed up biennially to determine the 
relation of antecedent personal attributes and living 
habits to development of cardiovascular disease. Cri- 
teria, methods of examination, sampling procedures 
and response rates have been published elsewhere.8 
Follow-up studies have been reasonably complete 
and only 2 percent of participants have been com- 
pletely lost to study. About 80 percent have had 
every possible biennial examination; the rest have 
been seen at less frequent intervals. 

The findings at Framingham may or may not have 
universal application, but most of the data have since 
been confirmed in other populations in the United 
States and abroad. This is no accident. Framingham 
was chosen as the study site for good reasons. Be- 
cause it is a small town with only one general hospi- 
tal, admissions can be monitored each day. It has 
been easy to develop rapport with the town, its medi- 
cal personnel and the hospital. It is a microcosm of 
the United States, with persons in all walks of life. It 
is close to a large medical center where medical skills 
and consultations can be obtained. The population 
was known to be very stable and thus suitable for the 
contemplated 20 years of follow-up studies consid- 
ered necessary to test the hypotheses held. The pop- 
ulation was also known to be cooperative.’ 

The response to the invitation to participate was 
less than perfect (only 68 percent elected to do so), 
thus creating some anxiety about the representative- 
ness of the findings and their application to the gen- 
eral population. This fear has proved unfounded even 
though nonrespondents have had a persistently 
greater mortality than those who chose to cooper- 
ate.!° The incidence of cardiovascular disease in a va- 
riety of populations has been predicted with reason- 
able accuracy on the basis of risk variables derived 
from Framingham.!! One bonus of the use of a sam- 
ple of noncoerced volunteers has been the excellent 
follow-up achieved at Framingham. Inducing nonre- 
spondents to participate might have jeopardized this 
achievement, and incomplete follow-up is the Achil- 
les’ heel of long-term prospective studies. 


Clinical Spectrum of Coronary Heart Disease 


Population surveys provide the best available in- 
formation on the relative frequency of the major clin- 
ical manifestations of cardiovascular disease. They 


include all persons with the disease—those not under 


care, those with subclinical disease, hospitalized pa- 
tients and those dying too soon to reach medical care. 
They reveal that the chief manifestation of coronary 
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FIGURE 1. Presenting clinical manifestation of coronary heart dis- 
ease: Framingham Study, men and women aged 30 to 62 years at 
entry. 


heart disease in men is myocardial infarction, which 
accounts for 45 percent of presenting complaints. 
Next in frequency are angina pectoris (32 percent) 
and sudden death (9 percent). In women, the findings 
are quite different. The major manifestation is angi- 
na pectoris, which accounts for 56 percent of present- 
ing complaints (Fig. 1). Furthermore, angina in men 
commonly arises from the process of myocardial in- 
farction, whereas in women, it arises predominantly 
as a new event.!? This finding suggests that angina in 
women sometimes occurs on another basis than in 
men; it appears to have a better prognosis.!? 

Examination of all documented infarctions in the 
community reveals that almost one in four was un- 
recognized.!? Half of these were silent, the rest so 
atypical that neither the patients nor their physicians 
considered the possibility. Such infarctions are rare 
in persons with prior angina and tend to occur in per- 
‘sons who shun physicians.!? Complete surveillance of 
all coronary attacks within the community reveals 
that coronary disease is a lethal process with a high 
immediate mortality rate; one in five coronary at- 
tacks (excluding angina) has sudden death as the 
first and terminal event. More than half of deaths 
due to coronary heart disease are sudden and unex- 
pected. Thus, two thirds of mortality due to coronary 
heart disease occurs suddenly, away from the hospi- 
tal and medical care.!* 


Determinants of Cardiovascular Disease 
Host Susceptibility 


Atherosclerotic cardiovascular disease appears to 
be almost ubiquitous in men after age 20 years. Some 
regard development of the disease as a consequence 
of the type of vasculature inherited. Although the 
tendency to deposit lipid in the arterial intima is de- 
termined to a great extent by the blood lipid and 
- blood pressure levels, the dynamics of flow, arterial 
caliber and the integrity of the vascular intima pow- 
. erfully influence where atheromas will form to oc- 
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TABLE I 


Probability of Having Cardiovascular* Disease 
within 8 Years According to Age and Risk Factors, 
Framingham Study: 18 Year Follow-Up*° 


Age Average Low High Average 
Risk Riskt Riskt Risk 









1.8 60.2 -0.5 
40 4.1 1.2 70.8 1.2 
45 7.5 2.2 77.8 2.5 
50 11.5 3.7 81.9 4.8 
55 15.9 5.5 84.1 8.0 
60 19.3 7.4 84.8 11.9 
65 alia 9.0 84.0 16.0 
70 22.9 10.0 81.7 19.9 





* Cardiovascular disease = coronary heart disease, brain infarc 
tion, intermittent claudication or congestive heart failure. 4 
t Low risk = systolic blood pressure of 105 mm Hg, serum choles- 
terol of 185 mg/100 ml, nonsmoking, no glucose intolerance, S 
left ventricular hypertrophy by electrocardiogram; high risk = sys- 
tolic blood pressure of 195 mm Hg, serum cholesterol of 335 mg/ 
100 ml; cigarette smoking; glucose intolerance, left ventricular hyper- x 
trophy by electrocardiogram. p 
f: 
E 


e 

clude the vessel. However, the contention that the sels j 
terial architecture is the sole or even chief determ 3 
nant of atheromatous formation is as faulty in logic 
as invocation of cholesterol as the sole determinant of 
atheromatosis. Host susceptibility and resistance to | 
atherogenic precursors of cardiovascular disease vary 
over a wide range. m 
Genetic influences and age: Epidemiologic ob-: 
servations bearing on the possibility of genetic influ- 
ences include sex ratio, racial variation, familial. 
aggregation, familial hyperlipoproteinemials and age 
trends, among others. Atherosclerotic cardiovascular. 
disease can be considered basically a concomitant. of fi 
aging and preventable only to the extent that one can 
retard the aging process. In young persons its occur- - 
rence can be regarded as the extreme of the normal 
distribution. All of the known risk factors taken to- 
gether, although related to age, cannot account for 
more than a fraction of the age trend in atheroma- 
tous cardiovascular disease. Age is still a potent fac-: 
tor, especially in low risk persons, although having 
multiple risk attributes is equivalent to being consid- 
erably older than one’s chronologic age (Table I). 
Probably both altered tissue response to these factors 
with age and the time-dose product of acquired risk 
factors are involved. Since some persons of advanced 
age have little atherosclerotic cardiovascular disease, 
the “age effect" is not inevitable. We must learn. 
which factors are responsible for this relative immu- 
nity as well as those that make the cardiovascular ap- 
paratus old beyond its years. To what extent the lat- 
ter reflect inherent ability to cope with adverse envi- 
ronmental factors is unclear. Familial aggregation « f 
risk factors and propensity to disease among siblings 
is usually taken to suggest genetic factors at work. 
However, families share more than genes, and spouse 
es as well as siblings share propensities to disease. 
(Fig. 2). 
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. FIGURE 2. Percent of spouses with coronary heart disease (CHD): 
_ Framingham Study. 
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p. 
. Regression of Cardiovascular Disease 
on Specified Risk Factors: 18 Year Follow-Up. 


- Framingham Study: Men and Women Aged 45 to 74 Years 


Average Standard- 










Y. ized Regression 

om Coefficient t Value 

wn Men Women Men Women 
| Systolic blood pressure 0.419 0.470 — 107 107 

Diastolic blood pressure 0.342 0.378 8.1 7.8 

- Serum cholesterol 0.230 0.270 5.4 5.1 
Blood glucose 0.141 0.237 4.3 7.9 
. Relative weight 0.125 0.216 2.7 4.5 
-Pulse rate 0.156 0.044 3.5 0.8 
. Cigarette smoking 0.223 0.038 4.8 0.7 





standardized Multivariate Regression Coefficients* 
- of Cardiovascular Events on Systolic (SBP) and 

- Diastolic (DBP) Blood Pressure: 18 Year Follow-Up. 

- Framingham Study: Men and Women Aged 45 to 74 Years 









Men Women 
SBP DBP SBP DBP 
| €c ronary heart disease 0.271 0.207 0.408 0.293 
_ Cerebrovascular accident 0.474 0.445 0.436 0.413 
_ Atherothrombotic brain 0.619 0.549 0.501 0.539 
infarction — | 
_ Intermittent claudication 0.159 —0.068 0.336 0.234 


. Congestive heart failure 0.361 0.223 0.429 0.284 


_ * Other variables: serum cholesterol, left ventricular hypertrophy 
by electrocardiogram, glucose intolerance, cigarette habit, age at 
examination. — . 
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FIGURE 3. Age-adjusted incidence of specified cardiovascular 
events in women aged 45 to 74 years according to systolic versus 
diastolic blood pressure (mm Hg): Framingham Study, 18 year fol- 
low-up. 


Hypertension 


Among the major identified personal contributors 
to cardiovascular disease, hypertension plays a domi- 
nant role as judged from the size of its regression 
coefficients suitably standardized to equalize the dif- 
ferent units of measurement (Table II). Hyperten- 
sion is a prominent force of mortality and at all ages 
in each sex it predisposes to development of each of 
the major manifestations of cardiovascular disease, 
particularly brain infarction and congestive heart 
failure (Fig. 3). Even a modest degree of hyperten- 
sion, considered trivial by most clinicians, carries a 
substantial risk. Initial and recurrent attacks of car- 
diovascular disease not only are more frequent but 
also are more likely to end fatally in the hypertensive 
person. 

In addition to contributing potently to cardiovas- 
cular mortality, hypertension is a common precursor 
of cardiovascular disease. There are more than 23 
million hypertensive persons in the United States. 
One in 10 Americans is unusually vulnerable to pre- 
mature cardiovascular disease because of hyperten- 
sion.!? Age-sex trends in hypertension may to some 
extent explain the closing gap in incidence of cardio- 
vascular disease in the sexes with advancing age. 

Systolic versus diastolic hypertension: There 
are several misconceptions about the disease poten- 


Hr. V. IUGERA cUI— Au Rig 
REE LAL VT ae EE PE EATE 385 
int ts Pai DA t : , ee 2a ! ^ pi? ^ P ` a; ` hj 









US SS Ue, Gee eee ey ee ia 
mE WERT ee ES TES rs 2 = NES Ax» IIE ER 0 n LA Ge Fe 
: mS 2 SN i A Ms ONT dp PRATT 65 TT ERES Aye 
e ^ ‘A 


140 
an | E E 


120 


ioo. | 
HIGHEST (T 14. 95). d 


,VOWEST (T*16. 63) ir 
80 


60 


40 


PROBABILITY (IN THOUSANDTHS? 


20 a 
FIGURE 4. Risk of cardiovascular disease by | =—-—— B 
level of systolic blood pressure (mm Hg) at each o E 
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FIGURE 5. Probability of cardiovascular disease x 
within 8 years in low risk subjects according to bu 
systolic blood pressure (mm Hg) at specified D 
ages in each sex: Framingham Study, 18 year D- 
follow-up. (Low risk Framingham subjects have bo And — s 
a serum cholesterol level of 185 mg/100 ml, do 105 120 135 150 165 180 195 105 120 135 150 165 160 195 m 
not smoke, have no glucose intolerance or left SYSTOLIC BLOOD PRESSURE M 
ventricular hypertrophy by electrocardiogram.) LOW RISK: CHOL.185, NON- SMOKER , NO GLUCOSE INTOLERANCE, NO ECG - LVH | be 
tial of hypertension in relation to the character of the hypertension derive entirely from the diastolic com- E 
blood pressure elevation. Casual blood pressure de- ponent of the pressure. Systolic pressure predicts just — 3 
terminations predict long range cardiovascular dis- as well as diastolic for every major cardióvane E 
ease about as well as more basal determinations of problem to which hypertensive persons fall heir — 
pressure (Fig. 4), even when one excludes patients (Table III). There is no evidence that elevation of è 
whose more basal pressures are also elevated. Labil- systolic pressure in particular (or hypertension in. 
ity of pressure, even within the normotensive range, general) is an innocuous accompaniment of aging. — 
may well identify vascular hyperreactors destined for Risk gradients for systolic pressure do not wane vid 


“hypertension.” Contrary to popular clinical folklore advancing age (Fig. 5). Actuarial studies strongly sd E 
there is little evidence that the evil consequences of suggest that isolated sib te hypertension—or He 
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_ disproportionate rise in systolic pressure—that ac- 
. companies aging is far from innocuous. In fact, at any 
|... diastolic pressure—low or high—risk is proportional 
E. . to systolic pressure. There is no evidence to support 
__ the contention that women in general, and postmeno- 
| pausal women in particular, tolerate hypertension 
_ well. The net contribution of hypertension to cardio- 
| vascular disease in women (as indicated by multivar- 
. iate regression coefficients) is every bit as great as in 
| B. men (Tables II and III). Even the absolute risk is as 
_ great for congestive failure or stroke. 

~ Role of other risk factors in hypertension: Al- 
~ though the excessive cardiovascular risk of hyperten- 
- Sive persons is great, it is not uniformly so and some 
_ factors profoundly influence the morbidity and mor- 
_ tality associated with hypertension (Fig. 6). To begin 
. with, risk is related to the height of the blood pres- 
- sure elevation so that no critical blood pressure value 
_ can be identified and there is a substantial gradient 
. of risk even within the nonhypertensive range (Fig. 3 
— to 5). The coexisting lipid value greatly influences the 

_ risk associated with any level of blood pressure (Fig. 
_ 6). The converse is also true and blood pressure may 
be a critical factor in atherogenesis. Although bathed 
__ by the same lipid-laden blood, low pressure areas of 
~ the circulation are generally immune to atherosclero- 
X. sis. 

. . Blectrocardiographic evidence of left ventricular 
—— hypertrophy (and strain) is most often an ominous 
_ sign of advanced hypertension. Fully 44 percent of 
— deaths due to cardiovascular disease are preceded by 
_ left ventricular hypertrophy. Half of patients with 
_ this finding are dead within 8 years, a prognosis 
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worse than that of overt coronary heart disease.!4 To 
a lesser extent, cardiac enlargement on chest roent- 
genogram, reflecting the severity and duration of hy- 
pertension, is associated with a further increase in 
risk of cardiovascular disease.? 

At any given level of blood pressure, risk varies 
over a wide range depending on coexisting cardiovas- 
cular risk factors. Using blood pressure as only one 
ingredient of a cardiovascular profile prevents over- 
reacting to a systolic pressure of 165 mm Hg when all 
else is favorable or underreacting when it is one of 
several adverse conditions (Fig. 6). 


Assessment of Cardiovascular Vulnerability 


Highly vulnerable candidates for a cardiovascular 
event can and must be identified so that the chain of 
circumstances culminating in lethal cardiovascular 
attacks can be interrupted. However, the candidate 
for cardiovascular disease is at this point free of 
symptoms and the hallmarks of vulnerability may be 
subtle. The *abnormalities" that promote most car- 
diovascular disease are often more a matter of degree 
than of kind, and the physician is unable to synthe- 
size multiple marginal “risk factors" quantitatively 
into a composite risk estimate. 

It is not hyperstension that predisposes to cardio- 
vascular disease but the degree of elevation of blood 
pressure, there being no discernible critical “hyper- 
tensive" value (Fig. 3 and 6). The same is true for 
cholesterol and its lipoprotein vehicles, and possibly 
for carbohydrate tolerance and overweight.? Within 
the range of cholesterol values reported by most labo- 
ratories as within normal limits, the risk of coronary 
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FIGURE 6. Risk of cardiovascular disease in 
40 year old men according to systolic blood 
pressure at specified levels of other risk fac- 
tors: Framingham Study, 18 year follow-up. 
5 B.P. — blood pressure (mm Hg); ECG-LVH — 
left ventricular hypertrophy by electrocardio- 
gram; intol — intolerance. Values for serum 
cholesterol expressed as mg/ 100 ml. 
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heart disease varies over a five-fold range (Fig. 7). An 
optimal value appears to be one of less than 200 mg/ 
100 ml. We must reexamine our concept of *normal" 
and distinguish between usual and ideal. 

Since it is not possible to specify for any of these 
atherogenic variables the point where normal ends 
and abnormal begins, risk assessment employing 
these variables categorically is illogical, imprecise 
and unduly arbitrary. To compound the difficulty 
further, at any level of each atherogenic trait the risk 
varies widely depending on coexisting factors (Fig. 6). 


The Cardiovascular Risk Profile 


It thus becomes necessary to conceptualize risk 
factors as ingredients of cardiovascular risk profiles 
that can take into account the degree of abnormality 
and the Joint effect of multiple contributors. Such 
profiles would provide more precise evaluations of 
risk than a categorical approach and result in fewer 
persons being misclassified at low risk despite multi- 
ple marginal abnormalities. In response to this need 
statistical methods for using the Framingham cohort 
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Statistical methods: The Cornfield method of es- : 
timating logistic parameters yields explicit solutions 
by a modification of linear discriminant analysis." 
The Duncan-Walker iterative procedure is a least 
squares estimate that makes fewer assumptions and j 
provides theoretically better estimates. Although the - 2 
latter is more sound in principle, it is also more ex- - 
pensive to use and at times will not converge on a so- 
lution. 

The practical and theoretical limitations of the use ; 
of cross-classification in evaluating the net and joint 
effects of cardiovascular risk factors have made the 
multiple logistic model attractive. These techniques 
are useful in selecting efficient subsets of variables | 
for identifying high risk persons by use of arbitrary - 
step-down or step-up methods. They are also useful : 
for analyzing the net contribution of each member of $ 
a set of risk variables.!? 5 

Most often the analytic interest focuses on one 
variable and the objective is to make allowance for 
other associated variables to determine if some. 
unique effect is present. The results of this must be 
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FIGURE 8. Proportion of cases of cardiovascular dis- 
ease evolving in Framingham cohort according to quin- 
tile of risk function in men aged 35 to 74 years: Fram- 
ingham Study, 18 year follow-up. ABI — atherothrom- 
botic brain infarction; CHD = coronary heart disease; 
C-V = cardiovascular; HHF = hypertensive heart fail- 
ure; IC — intermittent claudication. 
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a PEacdiovasctine risk function score: With these 
- Statistical methods an efficient set of risk variables 
was selected from the major risk factors contributing 
to each principal cardiovascular disease. Each factor 
. was found to make some independent contribution to 
_ virtually all major cardiovascular events so that one 
_ risk function could predict all events reasonably well. 
- The factors have the considerable virtue of being ob- 
t ainable without undue expense, hazard or trauma in 
an unprepared patient by an office nurse or techni- 
cian. Those selected were results of a casual blood 
test for cholesterol and glucose, a blood pressure de- 
Bp a resting electrocardiogram and a ciga- 
te-smoking history. 
— By using these ingredients to formulate a cardio- 
Bsicular risk function score, it appears possible from 
j S. 'ramingham cohort data to identify 20 percent of the 
. general presymptomatic population in whom 40 per- 
- cent of the coronary heart disease, 58 percent of oc- 
, clusive peripheral arterial disease, 81 percent of brain 
nfarctions and 73 percent of congestive heart failure 
g P ell. develop (Fig. 8). Persons in this risk category 
- would appear to warrant the prophylactic attention 
of even a busy medical practitioner. 












These assessments can be provided By a computer- 
ized health facility, or handbooks can be computed 
that allow a more practical but limited estimation of 
any of the major cardiovascular disease outcomes for 
any combination of the aforementioned variables.?9 
This provides the physician with an immediate syn- 
thesis of these risk factors into a joint estimate of the 
probability of a major cardiovascular event for a 
given period of time over more than a 30-fold range 
of risks (Table IV). 

Combinations of what often appear to be “medical 
trivia" can be highly lethal, and it is from this group 
that the bulk of cardiovascular disease emerges. Such 
tables will also prevent overreacting to a single factor 
when all else is favorable.?9 


Coronary Heart Disease 


Review of the current epidemiologic status of coro- 
nary heart disease, relying largely on Framingham 
data, reveals that this disease, a potent force of mor- 
tality in the general population, may be a legacy of 
technologic progress, can to a great extent be predict- 
ed, is more lethal than disabling and requires a pre- 
ventive approach to reduce its mortality substantial- 


TABLE IV 


Probability (per 1,000) of Having Cardiovascular Disease Within 8 Years According to Specified Characteristics in a 45 Year 
C Old Man. Framingham Study: 18 Year Follow-Up* 








E pies Does Not Smoke Cigarettes Smokes Cigarettes 

be isos Choles- | Systolic Blood Pressure (mm Hg) Systolic Blood Pressure (mm Hg) 

_ Intolerance terol 105 120 135 150 165 180 195 105 120 135 150 165 180 195 
p A. No Left Ventricular Hypertrophy by Electrocardiogram 
Absent 185 22 27 35 43 54 68 84 38 47 59 73 91 112. . 138 
E. 210 28 35 43 54 68 84 104 47 59 73 91 113 138 169 
ad E 235 35 44 54 68 84 104 129 59 74 91 113 139 169 205 
M 260 44 55 68 85 105 129 158 74 92 113 139 170 206 247 


285 55 68 85 105 129 158 192 92 113 139 170 206 247 293 
310 68 85 105 130 158 192 232 114 140 170 206 248 294 345 





E | 335 85 105 130 159 193 232 277 140 171 207 248 295 346 401 
T Present 185 39 49 61 76. 7 06 (741347: AEB OR 7 .83:7071007 1265. 154 7 108702 ERI 
E 210 49 61 76 95 117 144 175 83 103 126 155 188 227 271 
NE 235 62 77 95 117 144 176 212 103 127 155 189 227 271 320 
E 260 77 95 118 144 176 213 255 127 156 189 228 272 321 374 
E 285 96 118 145 176 213 255 303 156 189 228 272 321 375 431 
= d 310 118 145 177 214 256 303 355 190 229 ate 322 375 432 490 
33 +f 335 145 177 214 256 304 356 411 229 273 323 376 433 491 550 
E B. Left Ventricular Hypertrophy by Electrocardiogram 

E: ‘Absent 185 60 75 93 115 141 172 208 101 124 152 185 223 266 315 
B. 210 75 93 115 141 172 209 250 124 152 185 223 267 315 368 
: P 235 93 115 142 173 209 251 297 153 186 224 267 316 369 425 


E 260 116 142 173 209 251 298 349 186 224 268 316 369 426 484 
NM 285 142 173 210 252 298 350 405 225 268 317 370 426 485 543 
299 351 406 454 269 318 371 427 485 544 602 
335 211 253 300 351 406 464 523 318 371 428 486 545 602 657 


© Present’ 185 105 129 158 191 231 275 324 170 205 246 293 344 399 456 

210 129 158 192 231 275 325 378 206 247 293 344 399 457 516 
276 325 379 436 247 294 345 400 457 516 574 
250 193 232 277 326 380 436 495 294 346 400 458 517 575 631 
285 232 277 327 380 437 496 554 346 401 459 518 576 632 685 
310 278 327 381 438 496 555 612 402 459 518 576 633 685 734 
335 328 382 438 497 556 613 657 460 519 577 633 686 734 778 


ee ee ee aaaŘaŘħŮĖĂ 
— * Framingham men aged 45 years have an average systolic blood pressure cf 131 mm Hg and an average serum cholesterol level of 234 mg/ 
100 ml; 0.7 percent have definite left ventricular hypertrophy by electrocardiogram and 3.9 percent have glucose intolerance. At these average 
pun the probability of having cardiovascular disease within 8 years is 75/1,000. 
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FIGURE 9. Risk of cardiovascular disease according to intensity of 
major risk factors in men aged 45 years: Framingham Study, 18 
year follow-up. B.P. = blood pressure (mm Hg); C-V = cardiovascu- 
lar; S. CHOL. — serum cholesterol; ECG-LVH - left ventricular hy- 
pertrophy by electrocardiogram. 


ly. The Framingham data have provided a clearer 
picture of the total spectrum of the disease, the iden- 
tity of those especially vulnerable, its precursors and 
clues to pathogenesis. 

We are faced with a disease that is not only com- 
mon but highly lethal, in which the first symptom is 
often sudden death. Thus, management of already 
symptomatic disease cannot alone substantially re- 
duce coronary mortality. Prevention, the only an- 
swer, requires early detection of highly vulnerable 
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FIGURE 11. Risk of coronary 
heart disease in 14 years accord- 
ing to serum lipid adjusted for as- 
sociated variables: Framingham 
Study, men aged 38 to 69 years. 
Lipid values expressed as mg/100 
mi. 
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FIGURE 10. Risk of myocardial infarction in 18 years according to # 
serum lipid content: Framingham Study, men aged 30 to 62 years. 
CHOL. — serum cholesterol; EXP. — expected; L.P. = lipoprotein; 
OBS =‘observed; Q = quartile. 
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persons and the manageable predisposing factored t 
Considerable progress has been made in this regard. b 
Evaluation of Risk Factors $ 

Blood lipids: The rate of coronary arterial athero- E 
genesis can be estimated from the biologic hallmarks — 
of accelerated atherogenesis—the blood lipids, the . 
blood pressure and carbohydrate tolerance—the risk — 
mounting with the number of atherogenic traits (Fig. 3 
9). $ 

Although any of several blood lipid or lipoprotein - 
patterns can be used to estimate the risk of coronary ^ 
events (Fig. 10), none is superior to the most simply - 
and accurately determined casual serum cholesterol | 
level for this purpose, as judged by multivariate anal- - 
ysis.?! Whatever the associated lipoprotein pattern, 
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| ne GURE 12. Risk of coronary heart disease in 6 years according to 

betic status and level of other risk factors in 55 year old women. 

, Framingham. Study, 16 year follow-up. ECG-LVH = left ventricular 

EV iyd by electrocardiogram. Cholesterol values expressed as 
/100 
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CARDIAC ENLARGEMENT 
BY X-RAY 


. FIGURE 13. Risk of cardiovascular disease according to electrocar- 

 diographic and chest X-ray abnormality in men and women aged 45 
» ‘to 74 years: Framingham Study, 18 year follow-up. ECG-LVH = left 
ventricular sb Bele by isole cast ive intraventricular. 
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the serum cholesterol value (Fig. 11). The utility afa 
lipoprotein profile is greater for determining the | 


cause of blood lipid elevation, its genetic or familial 
character and, possibly, the most efficacious way to 
correct the condition than it is for estimating risk.!^ 
""Typeable" people have an increased risk, but the 
bulk of coronary heart disease arises from the rest of 
the population in proportion to their serum lipid 
values. Even high lipid values have a relatively minor 
impact at low levels of blood pressure. Blood lipids 
and blood pressure jointly appear to determine the 


rate of atheromatous deposition. At any level of | 


blood pressure or lipids, the risk of coronary heart 
disease is further increased in those with impaired 
glucose tolerance (Fig. 12). 

Electrocardiogram: No method can detect all 
persons with advanced silent coronary artery disease, 


but electrocardiographic findings such as left ventric- _ 


ular hypertrophy, nonspecific S- T and T wave abnor- 
malities or intraventricular conduction defects in 
persons with one or more atherogenic traits can iden- 
tify persons likely to have preclinical ischemic cardio- 
myopathy (Fig. 13). The appearance of electrocardio- 
graphic signs of myocardial infarction, even though 
the latter is clinically silent, provides unequivocal ev- 
idence in such persons. Still earlier evidence of a 
compromised coronary circulation is provided by the 


postexercise electrocardiogram. The probability of a — 


clinical coronary event in 5 years in presymptomatic 
persons with a positive submaximal stress test may 
be as high as 85 percent.?? Development of ventricu- 
lar premature contractions in persons with such evi- 
dence of preclinical ischemic cardiomyopathy may be 
a harbinger of sudden death. 

Environmental influences: Although it is likely 
that environmental influences play a prominent role, 
the chief determinants of the high plasma lipid 


values—hypertension and impaired carbohydrate © 
tolerance—characteristic of affluent populations are 


still speculative. There is mounting evidence that an 
alteration in the ecology brought about by an un- 
bridled application of modern technology is exacting 
a toll. 

The technologic revolution has largely replaced 
muscle power with machines and has provided a sur- 
feit of rich food at a low energy cost. This combina- 
tion of indolence, sedentary living and overeating has 
promoted obesity, which is associated with a wors- 
ening of atherogenic traits (Fig. 14). Thus, over- 
weight should be associated with an increased inci- 
dence of coronary heart disease, and such is the case, 
particularly for angina and sudden death (Fig. 15). In 
contrast to the effect of obesity in men, its effect in 
women is entirely explained by the accompanying 
atherogenic traits.?? Whether operating through ath- 
erogenic traits or not, obesity seems to play an impor- 
tant role in promoting coronary heart disease. How- 
ever, the final link in the chain of evidence has yet to 


be forged—that weight reduction, which lowers the Y 


farii- 





" )* 


"2 m 7 zT 22 E > Y "s y qu T 
REN EAE NUTNO 
"n Nn Ais deg. > ar S. xi 7 T AH ET vv } P ^ 


ow cm 
SA eL 
SA UT PLN 


CHANGE IN - 


ix, 


MALES 


Pc 
s Ta 
w cL 


. SERUM 
CHOLESTEROL 


CHANGE IN 
SYSTOLIC 
BLOOD PRESSURE 


CHANGE IN 


BLOOD GLUCOSE 





CHANGE IN 
URIC ACID 





0.3 
-i2 -9-6-30356 912-2-9-6-3036 9 a 
CHANGE IN FRAMINGHAM RELATIVE WEIGHT 
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for the particular sex-height group). 


level of atherogenic traits (Fig. 14), also decreases the 
incidence of coronary disease. 

Transformation of man from a physically active to 
a sedentary creature by modern technolgy appears to 
have exacted a toll in coronary disease (Fig. 16). 
However, the relation is apparent only for men, and 
the amount of exercise required for protection seems 
less than that required to produce physical fitness.?4 

Cigarette smoking: The cigarette habit is a more 
firmly established pernicious environmental influ- 
ence. A striking dose-related association of the ciga- 
rette habit with myocardial infarction, sudden death 
and coronary mortality in general has been demon- 
strated, but there has been no consistent association 
with angina.” The impact is independent of other 
atherogenic traits but wanes with advancing age. The 
hypothesis that cigarette smoking has a relatively im- 
mediate effect (triggering lethal coronary attacks in 


vulnerable persons) rather than an atherogenic influ- 


ence best fits the epidemiologic data.?° Although re- 
lated consistently in affluent populations, the ciga- 
rette habit appears to have no effect in some areas 
with a low incidence rate of coronary disease.?6 It is 
encouraging to note that for those who renounce the 
habit (except for those over age 65) the risk is half 
that of those who continue to smoke (Fig. 17). 

Diet: Dietary differences have been invoked to ex- 


4 plain the geographic variation in coronary heart dis- 
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ease, and the incriminated nu rients are indeed con- E : 
sumed to a lesser extent in areas with a small inci- ~ 
dence of coronary disease. However, within popula- _ 
tions there is an imperfect correlation between epo E 


formly elevated serum cholesterol values id a ndi os 
rate of coronary heart disease it is difficult to demon- e E 
strate an association between diet and the disease. At. $ 
the generally high intakes of all the incriminated nu- 
trients, other factors such as energy ges and i Bu : 2 ; 
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.. years at examination: Framingham Study, 18 year follow-up. AVE. = 
, average; COEFF. — coefficient. 


. environmental factors that might account for some of 
- the unexplained variance in incidence of coronary 
- disease within and between population samples 
- seems justified. Uniform assessment of the incidence 
- of myocardial infarction in populations in Framing- 
- ham and Puerto Rico and among Japanese in Hono- 
— lulu has revealed that the Framingham population 
2 _ has double the incidence of the other groups at every 
- level of each risk attribute and for all combined. 
_ There is a clear suggestion that the difference in inci- 
-= dicating a waning of the immunity in the young.?? 
- However, within areas of either a low or high inci- 
_ dence rate the risk of coronary heart disease is pro- 
- portional to the intensity of the major risk factors. 

b Coffee intake: Coffee consumption has been in- 
ES consistently incriminated in retrospective studies,?? 
- but prospective studies in Framingham and else- 
— where???! have uniformly failed to substantiate 
— claims of harmful effects on the cardiovascular sys- 
` tem (Fig. 18). 

E = Alcohol intake: Despite transient effects on 
— serum triglycerides and on the myocardium, alcohol 
- consumption has been found to have little effect on 
| the incidence of coronary heart disease. If anything, 
_ the regressions are negative in both sexes, thus 
. suggesting a protective effect. 

- Psychosocial factors: These factors have been 
. implicated as determinants of established risk fac- 
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FIGURE 18. Risk of developing manifestations of coronary heart dis- 
ease according to coffee intake in men aged 38 to 70 years: Fram- 
ingham Study, 12 year follow-up. 


tors. They have also been incriminated as indepen- 
dent contributors to the incidence of coronary dis- 
ease by as yet undetermined mechanisms.?? 

Evaluation of the relation of “emotional stress" to 
coronary disease is hampered by varied criteria and 
concepts and imprecise methods of measuring the 
phenomenon. Little evidence of psychologic or social 
influences on the incidence of coronary disease was 
uncovered at Framingham. In a detailed analysis, life 
stress, the personality coping with it, poor handling 
of hostility and evidence of anxiety were found unre- 
lated to the incidence of coronary disease or its pre- 
cursors.?? 

Gout: This disease was found to be associated with 
a twofold increased risk of coronary heart disease, 
and the risk was related to uric acid value within the 
entire population (Fig. 19). 'This excess risk appears 
to be accounted for by the tendency of patients with 
gout and those with hyperuricemia to have higher 
lipid values, hypertension and obesity. The reason for 
this association with atherogenic traits has yet to be 
established. 

Notwithstanding our incomplete knowledge, coro- 
nary heart disease is far from a random occurrence 
within populations, and highly vulnerable persons 
can be identified within almost any population using 
only the major identified risk factors synthesized into 
a coronary risk profile (Fig. 8, Table IV). 


Clinical Course, Prognosis and Natural History 


Even for those who survive the high risk of death 
at the onset of a cardiovascular attack, the outlook is 


. not bright. Of those fortunate enough to survive the 


appalling immediate mortality of coronary heart dis- 
ease (33 percent do not), 50 percent can look forward 
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. to angina pectoris. Those with a previous attack have 
a 10-fold increased risk of congestive heart failure, a 
4-fold risk of sudden death, a 6 percent annual recur- 
rence rate, a 5-fold increased risk of stroke and a 4 
percent annual mortality rate.!?!^9* Although the 
risk of further cardiovascular trouble is great, it is not 
uniformly so, and those destined to have further 
trouble can be identified. Prognostication after ap- 
pearance of the disease may involve factors different 
from those that appear to predispose in the presymp- 
tomatic state, but there is little doubt that multiple 
logistic predictive risk functions will be developed to 
quantitate prognosis in established cardiovascular 
disease as for presymptomatic disease. 


Implications for Prevention 


Need for effective preventive programs: Epi- 
demiology is the science on which preventive medi- 
cine is based, and it must be wedded to public health 
and medical practice. The evolution of epidemiology 
from exclusive concern with infectious disease to all 
major health hazards must be paralleled by expan- 
sion of public health services from infectious disease 
to all major forces of morbidity and mortality af- 
fecting the public. Treatment of overt disease alone, 
no matter how sophisticated and effective, cannot 
bring to a halt the continuing epidemic of cardiovas- 
cular disease. 

To apply epidemiologic information to the preven- 
tion of disease one must base decisions on careful in- 
terpretation of information in a biologic setting, not 
on unquantified clinical judgment or on uninterpret- 
ed statistical data. The “quick and dirty" epidemiol- 
ogy, using readily available but crude vital statistics, 
often provides no greater insight into causes than the 
distorted snapshots of disease investigated in a hos- 
pital. We must somehow bring together those who are 
well versed in the concepts of biostatistics and medi- 
cal computation and those who understand the medi- 
cal problems but not the method of analysis. 

Unless effective intervention programs can be im- 
plemented there is little point in seeking out 
presymptomatic candidates for cardiovascular dis- 
ease from either the general population or the prac- 
tices of physicians. The delivery of effective cardio- 
vascular prophylaxis is no simple enterprise. It en- 
tails a sustained, intensive, sophisticated effort. We 
know well how to identify vulnerable persons and to 
estimate their cardiovascular risk of catastrophe with 
reasonable precision employing ordinary office proce- 
dures and laboratory tests. Our ability to cope with 
the risk factors once they are identified is another 
matter. 

Most medical practitioners are primarily con- 
cerned with the medical management of persons al- 
ready ill. They derive a sense of accomplishment 
chiefly from dealing with medical crises requiring as- 
tute definitive diagnosis and therapy to relieve suf- 
fering and ameliorate a life-threatening situation. 
'The skills and interests necessary to modify living 
habits or to alter risk attributes in apparently well 
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FIGURE 19. Ten year incidence rate of coronary heart disease ac- 
cording to uric acid level (mg/ 100 ml) in men without gout aged 30 to 
59 years at entry: Framingham Study. 


persons are different. The therapeutically oriented 


physician, overburdened in caring for those already — 
ill, and the medical care delivery system in which he - 


operates have little time or enthusiasm for the appar- 
ent “medical trivia" of a cardiovascular disease pre- 
vention program. 

Screening to identify the presymptomatic disease- 


prone person may be counterproductive unless effec- 


tive means can be found to correct the factors re- 
sponsible for their high risk. The subject's sense of 
security, his job and his insurance eligibility may be 
assaulted, his recreational preferences affected and 


his dependence on physicians and medicines for long © 


periods promoted. Alternatively, those screened may 
be falsely reassured of perpetual immunity. 

Since the existing medical care delivery system is 
not well oriented to effective preventive programs, 


one must exploit those features of it that can be con- © 
verted to preventive uses without competing for 
scarce medical resources essential to caring for the ill. | 


It may be necessary to create a new breed of medical 
personnel who are primarily concerned with adult 
preventive medicine. Such practitioners will need to 
regard the occurrence of cardiovascular disease in 
well persons under their surveillance as a medical 
failure rather than the first indication for medical 
management. 

Control of lon du aiio The single most impor- 
tant feature of cardiovascular prophylaxis is early, 
vigorous and sustained control of hypertension. De- 


spite massive evidence that hypertension promotes - 


cardiovascular disease in general, and strokes and 
congestive failure in particular, we are doing a poor 
job of controlling hypertension in the general popula- 
tion. Most hypertension goes undetected and even 
recognized hypertensive subjects are often not receiv- 


ing adequate treatment or any treatment at all. It is | 


not easy to convince asymptomatic hypertensive per- 
sons to take costly symptom-provoking medicines in- 
definitely or to motivate their physicians to prescribe 
them. We must find ways to do both. 
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Other prophylactic measures: Since many fac- 
tors contribute to cardiovascular disease, a multifac- 
torial intervention should provide more effective pro- 
phylaxis than attention to hypertension alone. How- 
ever, although the merit of controlling hypertension 
is clear, few other prophylactic measures are of 
proved efficacy in the presymptomatic candidate for 
cardiovascular disease. No hygienic, medical or surgi- 
cal measures have yet been shown conclusively to 
delay cardiovascular disease in asymptomatic per- 
sons screened from the general population. 

The major atherosclerotic diseases share most pre- 
cursors and a common pathogenesis, and patients 
with one clinical manifestation are at increased risk 
of another. These facts strongly suggest that prophy- 
lactic measures designed to prevent one may prevent 
the others as well. 


There is increasing evidence that strokes and con- 
gestive heart failure are preventable. However, one 
must continue to evaluate alternative methods of 
prevention in well designed trials. There is little to 
indicate that cardiovascular disease will be con- 
quered by more expert management of the completed 
cardiovascular episode. The best answer to these de- 
vastating illnesses is prophylaxis in the presympto- 
matic stage. This will require the joint efforts of pub- 
lic health practitioners and reoriented medical prac- 
titioners (with the help of community health re- 
sources) to rid the environment of factors that pro- 
mote cardiovascular disease and correct these precur- 
sors in identified highly vulnerable segments of the 
presymptomatic population. Both of these objectives 
must be achieved with as little disruption as possible 
of the life-style of potential benefactors. 
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This review describes the evolving concepts of diagnosis and manage- 
ment of patients with cyanotic congenital heart disease. Early pallia- 
tive surgical procedures were followed by reparative operations and 
are now to a large extent replaced by these operations which are de- — 
signed to relieve the problem. Collaboration of the team of cardiolo- 2 
gists, surgeons, radiologists, anesthesiologists and nurses has made - 
the many developments possible. The teamwork has not only widened | 
the scope of what can be accomplished but has also extended the op- — 
portunities for beneficial reparative surgery down to the first weeks - 
and months of life. Precise diagnosis and meticulous operative and 
perioperative care by the team are essential elements of success. 
Long-term follow-up and regular analyses of results have led to con- - 
tinuing improvements. Although these patients were born to be blue, - 
their color and their outlook have been changed during these last 3 
decades to something close to rosy. 
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Physical disability and premature death are the lot of the cyanotic 
person unless his condition can be relieved by surgery and complica- 
tions prevented or ameliorated by medical measures. Breathlessness 
and easy fatigue on exertion limit activities. Growth rate is usually . 
impaired. Cyanosis and clubbing are cosmetic handicaps. So is scolio- - 
sis, which by adolescence is common and is sometimes rapidly pro- 
gressive. In addition to the risk of infectious endocarditis there is a 
special hazard of cerebral complication in the form of brain abscess or — 
cerebrovascular thrombosis or embolism. Poor dental structure with | 
defective enamel and dental caries contributes to the risk of brain ab- 
scess. Polycythemia is associated with headache and with problems of — 
bleeding or clotting. Some men with red cell breakdown and hyper- - 
uricemia have gout. If the hypoxic, polycythemic woman is able to be- 4 
come pregnant, she has a greater than average risk that the pregnan- - 
cy will result in abortion or in a baby with intrauterine growth retar- — 
dation who may also have congenital heart disease. Cardiac failure or j 
renal impairment are late consequences of the unrelieved cardiac 
burden and hypoxia. Sudden death is not an uncommon event in cya- 3 
notic patients with Ebstein's anomaly or with pulmonary vascular ob- 1 
structive disease, or in patients with unstable cardiac rhythm or con- 
duction occurring naturally or postoperatively. 


Progress Report 


'The year 1974 marked the 30th anniversary of a new way of life for 
most blue babies. It was November 1944 when Eileen Saxon's color | 
changed from blue to pink and she stopped suffering from the attacks & 
of paroxysmal dyspnea that had characterized her few months of life. 
That miracle transpired as a result of teamwork that combined the E 
diagnostic acumen of Helen Taussig and the surgical skill of Alfred 4 


Blalock.! These two Hopkins’ doctors had the courage to apply 
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blood flow and Blalock's experimentally tested tech- 
nique of vascular anastomoses. Their collaboration 
led to the development of two interdependent new 
‘specialties: pediatric cardiology and cardiovascular 
- surgery. Improvements in diagnostic techniques and 
3 F both medical and surgical capabilities leapfrogged 
3 over the next decades. Teams expanded to include 

| pediatric. and medical cardiologists, cardiovascular 
: surgeons, anesthesiologists, radiologists, physiolo- 

gists, pathologists, pharmacologists, nurse specialists, 
. respiratory therapists, technicians, social workers 
. and experts in rehabilitation. Centers of excellence 
_ were erected where the concentration of human skills 
— and physical facilities made optimal care available 24 
hours a day. The patients with cyanotic congenital 
: - heart disease who have benefited range from the high 
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risk newborn with a critically severe malformation to 
E the older patient who survived into adult life either 
E. because of the relatively mild nature of his malfor- 
"A mation or as the result of previous surgical interven- 
- tion. Some of the medical and surgical highlights of 
-. the challenge and conquest in this field are shown in 
_ Tables I and II. 
Po "The state of the art in rendering care to the cya- 
' notic patient has developed to a high level. Palliative 
. procedures to increasel!!712532 or to decrease!?? 
_ pulmonary blood flow, as the case required, or to re- 
. route venous return129.129133 were followed by repar- 
. ative surgery designed to correct or to relieve the 
~ malformation.118.119,124,126,127,130,131,134,136-139,141,142 
Only a few anomalies are still beyond such help. 
_ Skills in diagnosis and in operative and perioperative 
management now allow open heart surgery to be car- 
ried out safely even in the neonate. 140,143-146 As ac- 
- complishments have advanced, so too has evaluation 
of early and long-term results of management. Atten- 
tion has been directed not only to the expected good 
- results of operation but also to recognition and treat- 
- ment or prevention of undesirable sequelae or com- 
3 plications. 147-175 Although the great majority of pa- 
. tients enjoy considerable benefit from surgery, only 
- jn the rare instance is “total” correction of the mal- 
_ formation a reality. 
= As we review the status of cyanotic congenital 
- heart disease, let us first consider diagnosis and then 
, management, for these go hand in hand. 


Diagnostic Categories 


a Cyanotic congenital heart disease can be divided 
. into categories based on the degree of pulmonary 
— blood flow, excessive or deficient, and on the pressure 
in the pulmonary circuit. In all anomalies in which 
there is cyanosis, some abnormal communication ex- 
. ists that permits right to left shunting at one or more 
of these levels: atrial, ventricular or vascular (venous 
return or arterial outlet). But it is the status of pul- 
monary blood flow that to a great extent determines 
- the ability of the individual patient to survive, func- 
_ tion and undergo cardiac surgery. 
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When such a large communication exists and the 
capacity of the pulmonary bed and the left heart is 
unrestricted and the pulmonary vascular resistance is 
unusually low, the pulmonary flow may be torrential, 
increased to four- or five-fold greater than normal. 
The lungs are literally flooded. Such a state is not a 
steady one. Either death occurs or some adjustments 
take place that limit the excessive pulmonary flow to 
a near-normal amount or even restrict it so that it is 
less than normal. These adjustments are in the form 
of pulmonary stenosis, pulmonary arterial obstruc- 
tion or spontaneous decrease in size or closure of the 
defect. One or the other of these limiting factors may 
be present at birth or may develop during the child- 
hood years. Once established, that adaptation may 
continue stable or may progress, so that pulmonary 
stenosis may develop,!”© or pulmonary stenosis may 
convert to pulmonary atresia,!?? or increased tone of 
small pulmonary arteries may proceed to fibrosis and 
obliteration.!77-19? A noncyanotic condition at birth 
may convert to a cyanotic one, or a mildly cyanotic 
condition may become more deeply so through the 
mechanism of these adaptations. In the overall con- 
sideration of cyanotic heart disease in general and of 
any one patient in particular, this spectrum of 
changes in the pulmonary flow, pressure and resis- 
tanee should be borne in mind. Although there is a 
spectrum, the points along the way are recognizable. 


Excessive Pulmonary Blood Flow 


In the cyanotic person, excessive pulmonary blood 
flow implies both right to left and left to right shunt- 
ing. This shunting occurs when the great arteries or 
the pulmonary veins are transposed or malposed, 
when there is common mixing because of a single 
atrium, ventricle or aorticopulmonary trunk or when 
there is a hypoplastic left heart syndrome. 

The ease of bidirectional mixing and the resistance 
to pulmonary flow (pre- and postcapillary) determine 
the volume of pulmonary blood flow, and this in turn 
affects the degree of cyanosis. When there is no ob- 
struction to flow or to mixing, then the lower the pul- 
monary resistance, the greater the pulmonary flow in 
relation to the systemic flow and the greater the oxy- 
hemoglobin saturation of the admixed blood reaching 
the aorta. À patient with this condition is apt to 
present with cardiac failure and to be only minimally 
cyanotic. He has hyperkinetic pulmonary hyperten- 
sion. A baby with complete transposition of the great 
arteries and a large ventricular septal defect typically 
presents in this way. In contrast, the most deeply cy- 
anotic patients in this group have obstruction to mix- 
ing or to pulmonary venous return, or both. Exam- 
ples are the newborn infant with transposed great ar- 
teries and an otherwise normal heart or the baby with 
obstructed anomalously draining pulmonary veins 
and a small patent foramen ovale. 

In these anomalies with increased pulmonary flow, 
the pulmonary arterial pressure is slightly to moder- 
ately increased. The presence of pulmonary stenosis 
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TABLE | 


- Medical Pro genes in Cyanotic Congenital Heart Disease: 
. A Continuum, 1945—1975 


Team approach to diagnosis and treatment! ^? 

Antibiotics for control of infection *"* 
Prevention of endocarditis?'!? 

Treatment of endocarditis!! !? 

Cardiac failure, recognition and management!^ °° 

Natural history of congenital heart disease?” ?? 

Infancy, the risk period?* ?* 

Early detection, diagnosis and continuing care?:??^?! 

Fetal, neonatal circulatory adjustments?? ?* 

Cardiopulmonary interrelationships and function?*?6 

Anesthetic, perioperative management?" 

Hematologic adaptations ?*:?? 

Anatomy and function of: 

Cardiac structures ^". v" 
Conduction system* * 

Embryology of cardiovascular refi nad oni 6 es 

Cardiac catheterization: sophistication, miniaturization, safety, con- 
trols, monitoring®’ ** 

Contrast visualization 
Intravenous angiocardiography 
Selective angiocardiography®!»?2~74 

Electrovectorcardiography’*>*? 

Phonocardiography** ** 

Electrophysiology 85788 

His bundle electrograms 

Pacemakers?” ** 

Echocardiography 

Radiology'®!~?° 

Dysrhythmias: detection and treatment 

Cardiopulmonary resuscitation!!%!!! 

Intensive care cardiorespiratory units 

Transport system 1142+15 

Stratified system of optimal cardiac care 

Cardiovascular center!!® 


69—71 


89—91 

95—100 

104—109 
5,112—114 


116 


or pulmonary vascular obstruction of slight to moder- 
ate degree cuts down somewhat the excessive pulmo- 
nary flow and alters the pulmonary pressure. Increas- 
ing amounts of either pulmonary stenosis or vascular 
obstruction convert this anomaly into a situation 
with deficient pulmonary flow. 


Deficient Pulmonary Flow 


In the cyanotic patient deficient pulmonary flow 
signifies impairment of flow to or through the lungs. 

Without pulmonary hypertension: When flow 
into the lungs is inferfered with, the precapillary pul- 
monary arterial pressure is normal or less than nor- 
mal. There is usually obstruction to pulmonary flow 
in the form of pulmonary stenosis or atresia but 
sometimes the obstruction is more proximal in the 
heart in the form of tricuspid stenosis, atresia or in- 
sufficiency. Rarely, the pulmonary circuit is bypassed 
by anomalous drainage of vena caval blood into the 
left atrium.!51.182 

The most common malformation in this group, at 
all ages, is the tetralogy of Fallot in which moderate 
or severe pulmonary stenosis coexists with a large 
high ventricular septal defect. Some conditions with 
shunting at ventricular level mimic a tetralogy (Table 


PART In these, severe pulmonary stenosis or atresia is 
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TABLE II | 
Development of Surgical Procedures 
for Cyanotic Congenital Heart Disease 









Year 


1945 


1946 
1948 


1949 


1950 


1951 


1952 


1953 


1954 
1955 


1956 


1959 


1961 


1962 


1964 


1965 


1966 


1967 


1968 


1970 


1971 


1972 





ASD = atrial septal defect; CTGA = complete transposition of the 
inferior vena cava; LA = 


great arteries; IVC = 
right atrium; RP = right pulmonary; RPA = S al 


pulmonary artery; RA = 


Palliative 
Procedure 


Blalock-Taussig'; subclavian- 
RPA, LPA anastomosis 


Potts: !!7 aorta-LPA anastomosis 


120 


Blalock-Hanion: "^" atrial sep- 
tectomy 

Muller-Damman:'?? pulmonary 
arterial band 


Glenn:'?5 SVC-RPA anastomosis 


Boffes:'?* partial venous detour 
for CTGA (RP veins-RA; 
IVC-LA) 


Waterston:!?? ascending aorta- 
RPA anastomosis 


Rashkind:'?* balloon atrial sep- 
tostomy 






Reparative 
Procedure 


Brock:''* pulmonary val- 
votomy 

Sellors: !!? 
votomy 

Bigelow:'?! hypothermia 


pulmonary val- 


Gibbon:'?? 
genator d 
Lewis-Taufic:'** ASD clo- — 
sure under ypoPhaue 


pump oxy- | 


Lillehei:' 
circulation for open 
heart surgery 

Kirklin:'?”? Gibbon pump- 
oxygenator for open 
heart surgery 


Senning:'??intraatrial re- — 
routing of venous return 
for CTGA E 

Kirklin:'°° VSD closure, in-  - 
fancy | 

Sloan:!?' VSD closure, 
infancy 

Mustard:! ?? intraatrial baf- 
fle for rerouting venous 
return in CTGA ~ | 

Lillehei:'** tricuspid valve — 
prosthesis, Ebstein's — E. 
anomaly ; 

Ross-Somerville: 136 MONS M 
graft aortic valve, ` 
pulmonary atresia 

Dillard:!?? deep hypo- A 
thermia, circulatory arrest —' 
for total anomalous pul- 
monary venous return E 

Rastelli:'?* homograft aorta E 
and valve for truncus 
arteriosus Sp 

Rastelli:'?? atrioventricular E^ 
canal, repair * 

Barratt-Boyes:!*? deep hy- To 
pothermia and cardio- ; 
pulmonary bypass for 
intracardiac surgery, E. 
infancy D 


Fontan:!* tricuspid atresia A zt 
operation Me. 

Sakakibara: !*? repair singla Em. 
ventricle | 


, 


left atrium; LPA = left | 


right pulmonary artery; SVC = superior vena cava; VSD = ventricular - : A , 
septal defect. ES 
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a Tetralogy- Like ‘Anomalies With Ventricular Shunting 
| and Pulmonary Stenosis or Atresia 





` 1. Pentalogy of Fallot (tetralogy plus atrial septal defect) 
=- .2. Restrictive ventricular septal defect and severe pulmonary steno- 
$ sis 
4 .. 8. Pseudotruncus arteriosus (large ventricular septal defect with 
Ua - pulmonary atresia and systemic arterial supply to one or both 
(5. pulmonary arteries) 
— 4, Type V truncus arteriosus (as above except for absence of 
à demonstrable pulmonary arteries) 
= 5. Tetralogy with absent pulmonary valve, pulmonary insuffiency 
: and aneurysmal dilatation of pulmonary arteries 
6. Large ventricular septal defect and severe pulmonary stenosis 
ped. ose with: 
» — a. d-transposition of great arteries 
b. /-transposition of great arteries 
— . €. Origin of both great arteries from the right or left 
| ventricle (double outlet right or left ventricle) 
. Atrioventricular canal with severe pulmonary stenosis 
.. Single ventricle and severe pulmonary stenosis with: 
a. Normally related great arteries 
. b. d-transposition of great arteries 
c. /-transposition of great arteries 


ox Á 


pent together with a single ventricle, atrioventric- 
ular canal, ventricular septal defect with a double 
. outlet right ventricle or with transposed great arte- 
| . ries. Other conditions with cyanosis and decreased 
_ pulmonary flow are less likely to be confused with te- 
_ tralogy. These include pulmonary stenosis or atresia 
with intact ventricular septum and patent foramen 
. ovale or atrial septal defect; rudimentary right ven- 
- tricle with tricuspid and pulmonary stenosis or atre- 
. sia; and Ebstein’s anomaly of the tricuspid valve with 
- patent foramen ovale or atrial septal defect. 

m 3 With pulmonary hypertension at systemic 
LN ‘Sevel: There is obstruction to flow through the lungs 
a with pulmonary hypertension due to pulmonary vas- 
b cular obstruction that is usually in the precapillary 
. bed but may be distal to the capillaries in the form of 
stenosis of pulmonary veins or obstruction to left 
atrial flow. Pathologically, changes of graded severity 
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pulmonary arteries and, as the obstructive-oblitera- 


tive process worsens, in the larger pulmonary vessels 
as well.177-180 The term Eisenmenger syndrome en- * 


compasses this group of malformations when there is 
an intracardiac or extracardiac communication be- 
tween the two circulations and, in addition, resis- 
tance to pulmonary blood flow that is equal to or in 
excess of systemic vascular resistance. Within the 
heart, the shunt site in Eisenmenger syndrome tradi- 
tionally is a ventricular septal defect, but right to left 
shunting in the presence of high pulmonary vascular 
resistance can also occur with absence of the ventric- 
ular septum or through connections at the atrial level 
(patent foramen ovale, atrial septal defect, common 
atrium). At the aorticopulmonary level, the shunt 
sites include truncus arteriosus, aorticopulmonary 
window and patent ductus arteriosus. In all of these 
situations except the last, cyanosis is distributed 
equally over the body. However, when shunt reversal 
occurs through a patent ductus arterious distal to the 
left subclavian artery, venous blood preferentially en- 
ters the descending aorta and there is differential cy- 
anosis of the toes and lower part of the body in com- 
parison with the face and fingers. 


Methods of Diagnosis 


Accurate diagnosis is based on a synthesis of de- 
tails from informative noninvasive techniques and 
from cardiac catheterization with contrast visualiza- 
tion. This full diagnostic evaluation is needed in an- 
ticipation of surgery and at least once in the analysis 
of the results. Usually the catheterization is repeated 
1 year after operation, whereas the noninvasive diag- 
nostic studies are used for lifelong follow-up. 


Noninvasive Techniques 


To the time-honored noninvasive techniques of 
history, physical examination, phonocardiography, 
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FIGURE 1. Tetralogy of Fallot and marked dex- 
troposition of the aorta. Echocardiogram dem- 
onstrates septal-aortic discontinuity (arrow) on 
sweep from the septum to the aortic root. _ 
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"E . utilizing cineangiocardiograms or cut film, or both, in 
simultaneous biplane prgjecfape affords detailed | 
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TABLE IV 


= Noninvasive Techniques in Differential Diagnosis of Common Cyanotic Congenital Anomalies* 
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Roentgenogram ' : by 
Anomaly S.P ECG C/T MPA Vasc Other E^ 
1 ~ 
A. Excessive Pulmonary Flow RE A 
CTGA t RAD, RVH Concave t Narrow base, frontal; E. 
wide base, RAO . ie ae 
TAPVR t RAD, RAE, RVCD Convex t Vascular collar if drainsto —— 
SVC,RorL A 
Common atrium t | RVH, RAD or superior Convex 1 werd ER 
axis 2 
Common ventricle t Variable Variable t . ^ 
Common truncus t | CVH, RVH or LVH Concave; variable 1 Ee 


B. Deficient Pulmonary Flow Without Pulmonary Hypertension 














x 
zt d 
r 
M IA 


qu 
"ES i 


Tetralogy 4 RAD, RVH Concave 4 | Boot-shaped heart ip 
Tetralogy-like anomalyt } RAD, RVH, sometimes qR Concave 17.7. sabes 
in lead V, AN. 
PS with intact ventricular septum | RVS Nor ft Convex unless pure infun- | E, 
and PFO, ASD dibular PS ; on 
Tricuspid atresia or stenosis t LAD, LVD Concave { 5 a 
Ebstein’s anomaly 4 RAD, low voltage RVCD Nort Concave 4 RAE ey 
C. Deficient Pulmonary Flow With Pulmonary Hypertension at Systemic Level S 
Eisenmenger syndrome (PVO, t RAD, RVH Nort Convex 1 In outer lung fields Eri 
VSD and ASD or A-P con- mh: 
nection) t E 
* Echocardiographic confirmation of the anomaly was obtained in all cases. pss 
T See Table III. ^ 
1 = increased; | = decreased. Lr 


A-P = aorticopulmonary; ASD = atrial septal defect; C/T = cardiothoracic ratio; CTGA = complete transposition of great arteries; CVH - com- x 
left axis deviation; LVD = 
normal; PFO = patent foramen ovale; PS = pulmonary stenosis; P Vasc = pulmonary vascu- 
larity; PVO = pulmonary vascular obstruction; RAD = right axis deviation; RAE = right atrial enlargement; RAO = right anterior oblique view; 

RVCD = right ventricular conduction delay; RVH = right ventricular hypertrophy; RVS = ! 
pulmonary component; SVC = superior vena cava; VSD = ventricular septal defect. E" 


vined ventricular hypertrophy; ECG = electrocardiogram; LAD = 
hypertrophy; MPA = main pulmonary artery; N = 


electrovectorcardiography and cardiac series of chest 
roentgenograms (Table IV), three additional meth- ` 
ods have recently been added. One especially valu- 
able new tool is echocardiography. 41,95-100 Recording 
of the ultrasonic beam as it is reflected from cardiac 
chambers, valves, arterial roots and the ventricular 
septum has provided a new dimension and refine- 
ment to judging cardiac structure and function. Just 
as the correlation of phonocardiographic data with 
findings at cardiac catheterization and angiocardi- 
ography strengthened the accuracy of the physician's 
interpretation of heart sounds and murmurs, so does 
the correlation of echocardiographic with angiocardi- 
ographic results enhance the accuracy of auscultato- 
ry, electrocardiographic and roentgenographic inter- 
pretation. Specific questions, such as that of aortic- 
mitral valve continuity,” presence or absence of the 
ventricular septum!9? or septal-aortic continuity 


. (Fig. 1) can often be answered with use of ultrasound. 


Two other diagnostic techniques in the evaluation of 
the cyanotic patient are continuous electrocardio- 
graphic monitoring for disturbances of rhythm and 


conduction and standardized tests of exercise func- 
. tion to assess physical performance. 


. Invasive Techniques 


Cardiac catheterization with contrast visualization 


atrium are on the right. The reverse situation is situs - y 


left ventricular dominance; LVH = left ventricular 
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right ventricular strain; S,P = second heart sound, 





analysis of shunt site and size as well as the other ab- — - 
normalities that are associated with or a consequence — 
of a particular cyanotic patient's anomaly. Ventricu- 
lar performance is evaluated at the same study. Re- | 
cording of His bundle electrograms and electrical 

pacing??-?! permit analysis of cardiac rhythm and 

conduction, which may be abnormal as part of the - 
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anomaly (for instance, in “corrected” transposition E 
with ventricular inversion) or as a result of surgery. Ah 
In the operating room electrophysiologic mapping of E 
the conduction system can aid in prevention of heart "dod 
block.184.185 os 

E. 


Steps in Diagnosis: Preliminary Classification 


Now let us apply these techniques in a systematic 
approach to diagnosis and differential diagnosis of | + 
the cyanotic patient, beginning with findings on 
physical examination and adding to these clues the - E. 
information from other studies until certain possibili- - = i E. 
ties are eliminated and a most likely diagnosi. A S 
reached and then precisely defined. S à 

Cardiac and visceral situs: The first step is to m 
identify cardiac and visceral situs by physical exami- - H 
nation and roentgenogram. In the normal situation 
(situs solitus) the cardiac apex and stomach are on _ 
the left and the liver, inferior vena cava and right — 
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inversus with dextrocardia. Cyanotic anomalies in E 
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FIGURE 2. Levocardia with situs inversus and visceral heterotaxia in 
a child with common atrium and anomalous systemic and pulmonary 
venous drainage. Note cardiomegaly with prominent main pulmonary 
artery and branches. The increased markings extend to the outer 
lung fields. The right diaphragm is higher than the left. The stomach 
bubble is on the right. 


these two situations tend to be more straightforward 
and are also easier to analyze than when there is dis- 
cordance of cardiac position and abdominal viscera: 
levocardia with situs inversus (Fig. 2), mesocardia 
with situs solitus or inversus, dextrocardia with situs 
solitus or malposition with visceral heterotaxy 
(scrambled relation of viscera).!99 In those situations, 
anomalies of systemic and pulmonary venous return, 
defective or absent cardiac septa and transposed ar- 
teries are common. Associated conditions of splenic 
agenesis or polysplenia should be suspected.!97.155 

If the heart is in the right side of the chest (dextro- 
cardia), one must determine whether that position is 
due to cardiac displacement, to rotation (dextrover- 





sion) or to inversion of cardiac chambers (mirror- 
image dextrocardia). The form of the P wave in lead I 
of the electrocardiogram is of help here: If there is a 
normal sinus mechanism, an upright P wave indi- 
cates that the right atrium is on the right side; the 
heart is dextrorotated. An inverted P wave indicates 
inversion of the atria with the anatomic right atrium 
on the left. If there is a changing P wave pattern or if 
the P wave is biphasic or of other unusual contour, 
then the pacemaker is ectopic and further analysis of 
atrial situs cannot be made from the electrocardio- 
gram. 

Electrocardiographic evaluation of cardiac 
chamber hypertrophy and conduction: The elec- 
trocardiogram can provide other information (‘Table 
IV). When visceroatrial situs has been determined, 
the electrocardiogram assumes additional diagnostic 
value in evaluation of cardiac chambers affected by 
the anomaly. Most cyanotic malformations are asso- 
ciated with hypertrophy of the right ventricle. When 
this chamber is concentrically hypertrophied without 
dilatation, and right ventricular systolic pressure is at 
a systemic level (as in tetralogy of Fallot), the elec- 
trocardiogram shows right axis deviation and R-S re- 
versal in leads chest. When right ventricular pressure 
is greater than systemic, S-T segments become de- 
pressed and T waves are inverted in the right precor- 
dial leads (right ventricular *strain").!*? Pure severe 
pulmonary stenosis with intact ventricular septum 
and patent foramen ovale is the leading diagnostic 
possibility when right ventricular “strain” is found. 
Conduction delay over the right ventricle (incom- 
plete or complete right bundle branch block) suggests 


in the patient not operated on that the volume of the 


right ventricle is increased, as in Ebstein's anomaly 
of the tricuspid valve or in total anomalous pulmo- 
nary venous return. In the newborn, absence of the 
expected right ventricular forces implies that the 
right ventricle is rudimentary. Left ventricular hy- 


FIGURE 3. Pseudotruncus arteriosus 
(tetralogy of Fallot with pulmonary 
atresia and systemic arterial supply 
to the lungs) in a teenaged girl. Fron- 
tal (A) and lateral (B) views. A, note 
the boot-shaped heart with concave 
main pulmonary arterial segment and 
the scanty pulmonary arterial mark- 
ings in the lung fields. Scoliosis began 
around the age of 12 years. B, note 
the irregular areas of anterior dis- 
placement of the barium-filled esoph- 
agus (arrow) due to collateral ves- 
sels from the descending aorta 
(shown in aortogram, Fig. 4). 


4 


pertrophy indicates that the left ventricle has a 
greater than normal pressure or volume load. Wide 
notched P waves ‘signify left atrial abnormality 
whereas high peaked P waves indicate right atrial hy- 
pertrophy. 

Acceleration or prolongation of atrioventricular 
(A-V) conduction has specific significance. For in- 
stance, Wolff-Parkinson-White syndrome commonly 
occurs in Ebstein’s anomaly. High grade or complete 
heart block is rare unless the patient has “corrected” 
transposition of the great arteries. The mean electri- 
cal axis is to the right (90? to 150?) with right ven- 
tricular hypertrophy. Left axis deviation (0? to 45?) 
is associated with lack of development of the right 
ventricle. A superior axis (around —90°) suggests an 
A-V canal defect or eccentric ventricular hypertro- 
phy of the Noonan syndrome.!9? 

Evaluation of pulmonary blood flow and pres- 
sure: With the questions of visceroatrial situs and of 
cardiac conduction and hypertrophy settled, it is 
time to classify the patient according to pulmonary 
blood flow and pressure. The intensity and timing of 
the pulmonary closure component of the second 
heart sound offer the best way to judge presence or 
absence of pulmonary hypertension, whereas the best 
guide to status of pulmonary blood flow is a well pen- 
etrated chest roentgenogram. Attention is paid to the 
contour of the main pulmonary artery as well as to 
the main branches in the hilar area and to the degree 
of vascularity in the mid- and outer thirds of the lung 
fields. 

Concavity in the region of the main pulmonary 


FIGURE 4. Selective aortogram of 
same patient with pseudotruncus ar- 
teriosus. A, the systemic arteries are 
opacified as they leave the aorta and 
anastomose with the pulmonary arte- 
ries (B), which are confluent with one 
another and supply the right and left 
lungs. The confluence terminates in a 
main pulmonary artery, which ends 
blindly as it approaches the heart 
(arrow). 
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artery means that the artery is hypoplastic (as in se- — 
vere pulmonary stenosis), absent (as in pulmonary 
atresia, Fig. 3 and 4) or else is misplaced (as in trans- 
position of the great arteries, Fig. 5 and 6, or truncus $ 
arteriosus, Fig. 7). Prominent convexity of the main | 
pulmonary artery may be due either to poststenotic 
dilatation distal to valvular pulmonary stenosis (Fig. _ 
8) or to the opposite situation wherein there is in- 
creased flow or pressure in the main pulmonary ar- - 
tery (Fig. 2 and 9). Perusal of the hilar regions and 
the rest of the lung fields helps to decide which of — 
these situations prevails. " 
Enlarged pulmonary arterial markings in the 
hilar areas and mid-lung fields that extend to the — 
outer third are seen with increased pulmonary arteri- _ 
al flow (Fig. 2 and 9), whereas with pulmonary vascu- 
lar obstruction, the right and left pulmonary arteries | 
appear cut off in mid-lung field, and the periphery is. 
clear. Stippled punctate markings radiating from the  - 
hilar regions suggest that pulmonary venous returnis 
obstructed, whereas a hazy perihilar appearance of ; 
: 

i 





fluffy areas suggests pulmonary edema. In the infant, 
such edema may be localized to the right upper lobe. 
Kerley B lines above the diaphragm signifying lym- _ 
phatic and pulmonary venous congestion are less — 
often present in the infant or child with pulmonary ~ 
venous hypertension than in the adolescent and ~ 
adult. M LIE 

Small pulmonary arterial branches in the hilar re- 
gions and unusually radiolucent lung fields are evi- 
dence of impairment to blood flow into the lungs, and 
hence indicate pulmonary stenosis or atresia (Fig. 3 
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FIGURE 6. Angiocardiogram of same newborn with complete or d- 
transposition of great arteries. A, shows right ventricular injection in 
simultaneous frontal (left) and lateral views with opacification of the 
transposed aorta. This vessel is anterior and to the right of the pul- 
monary artery, which is opacified in B after left ventricular injection. 
There is no opacification of the other ventricle on either injection, in- 
dicating that the ventricular septum is intact. There is no opacifica- 
tion of the ductus, and there is no subpulmonary stenosis. The 
coarsely trabeculated, hypertrophied right ventricle and finely trabe- 
culated left ventricle are of average size and normal contour. 


FIGURE 5. Cardiac series of chest 
roentgenograms of an 8 hour old 
baby with complete d-transposition of 
the great arteries. A, frontal and lat- 
eral views are at left and right. B, 
right anterior oblique view is on left, 
and the left anterior oblique view on 
right. Note the average-sized heart 
with concavity in region of main pul- 
monary artery and the dense hilar 
vascularity. The base of the heart is 
narrow in the frontal view and dou- 
bles in width in the right anterior 
oblique view, directly below. This is a 
characteristic finding when the aorta 
is transposed and is to the right of the 
pulmonary artery. 


and 4). When hilar pulmonary arterial markings are 
scant or absent but a lacy appearance of small vessels 
is seen in the lung fields, one thinks of pulmonary 
atresia and collateral circulation to the lungs from 
the systemic circulation (see Fig. 12). Barium swallow 
often confirms the presence of these vessels (Fig. 3 
and 4) as they leave the anterior part of the descend- 
ing aorta and indent the esophagus forward. 

On the cardiac series of chest roentgenograms one 
also obtains information concerning overall heart 
size, specific cardiac chamber enlargement and aortic 
size. With barium swallow in each view, one can tell 
whether the aorta arches to the right (as it does in 
about 25 percent of patients with tetralogy of Fallot 
or truncus arteriosus, Fig. 7) or to the left (Fig. 2 and 
3), where it descends and whether there are retroeso- 
phageal vessels (Fig. 3). Displacement of the barium- 
filled esophagus by an enlarged left atrium does not 
often occur in the cyanotic patient. This finding 
suggests abnormality of the left A-V valve or exces- 
sive pulmonary blood flow and venous return, just as 
in the noncyanotic person. 

Correlating this information, we can place the cya- 
notic patient into one of the main diagnostic catego- 
ries of pulmonary flow—high flow, low pressure and 
flow, or high resistance—and then proceed further to 
refine the diagnosis. 


Differential and Definitive Diagnosis 


'Table IV summarizes some of the data from nonin- 
vasive techniques that help in differential diagnosis 
of the cyanotic anomalies. 





FIGURE 7. Common truncus arteriosus, type |, 
with common pulmonary trunk emerging near 
base of truncus on anterolateral aspect. A, pre- 
operative angiograms in simultaneous frontal 
(left) and lateral views. Selective injection into 
the left venticle shows the truncus arteriosus, 
which continues as a left aortic arch. In the lat- 
eral view, the large ventricular septal defect 
and both ventricles are opacified. The unopaci- 
fied crescent below the defect represents the 
ventricular septum. The truncus arises chiefly 
from the right ventricle. This infant had cardiac 
failure and was operated on under profound hy- 
pothermia.?°° The ventricular septal defect was 
closed with a patch. The pulmonary trunk was 
dissected off the common trunk and the edges 
of the trunk (now the aorta) were oversewn. An 
aortic homograft with aortic valve was inserted 
between the outflow tract of the right ventricle 
and the end of the pulmonary trunk. B, right atri- 
al angiocardiogram in frontal and lateral views 
before discharge shows the physiologic course 
of venous blood flow to the pulmonary arteries. 


1. Excessive Pulmonary Blood Flow 


Physical examination of the cyanotic baby with 
increased pulmonary blood flow reveals a tachypneic 
infant who may be in respiratory distress and cardiac 
failure. The volume-overloaded heart is enlarged and 
overly active. Children who survive this period usual- 
ly show grooving of the rib cage at the level of the di- 
aphragm as a sequel of chronic respiratory effort. A 
precordial bulge is due to underlying ventricular en- 
largement. It is rare to find a cyanotic adult who still 
has a large left to right shunt. In most, conversion to 
the Eisenmenger syndrome has occurred by adult- 
hood. Anomalous unobstructed pulmonary venous 
return is the most likely diagnosis in such an adult 
with increased pulmonary blood flow. 

Since some pulmonary hypertension is present 
with excessive pulmonary flow, the pulmonary com- 
ponent of the second heart sound (S5) is accentuated 
and often occurs early so that Sə is narrowly split. 
When the great arteries are transposed or there is 
truncus arteriosus, the loud second sound at the sec- 
ond left interspace is the aortic or truncus closure 
sound. An early diastolic murmur at the base is heard 
when a semilunar valve is incompetent. In these 
anomalies, the systolic cardiac murmur is most often 
due to an associated ventricular septal defect or to 
excess flow across the pulmonary outflow tract. 

The electrocardiogram usually reflects both pres- 
sure and volume overload of the right ventricle and 
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shows right axis deviation with right ventricular hy- 
pertrophy and conduction delay. 

The roentgenograms show pulmonary arterial con- 
gestion and cardiomegaly. Particular attention is 
paid to the base of the heart, which is deformed by 
the abnormal arterial or venous trunks. For instance, 
in the newborn, a narrow basal shadow in frontal 
view that widens to double that size in the right ante- 
rior oblique view is almost pathognomonic of com- 
plete (d) transposition of the great arteries (Fig. 5 
and 6). A big vascular collar at the base of the heart 
on both sides is caused by anomalous drainage of the 
pulmonary veins to a left vertical vein and so around 
to the dilated right superior vena cava and right atri- 
um (“figure of eight,” “snowman” or “cottage loof" 
sign, Fig. 9). If the dilatation involves only the supe- 
rior vena cava on the right, one suspects that as the 
point of entry of the pulmonary veins. An abnormally 
wide aortic shadow suggests truncus arteriosus (Fig. 
7). 

Echocardiographic analysis,95-9? together with car- 
diac catheterization and selective injection of con- 
trast medium, serves to define the often complex 
anatomy and hemodynamics of these cyanotic pa- 
tients with bidirectional shunting. 


Types of Malformations 


Transposition complexes: In the newborn, the 
most common anomaly in this category is complete 
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(d) transposition of the great arteries,!?! wherein the 
systemic and pulmonary circuits are independent. 
Survival depends on some shunt mechanism for mix- 
ing of oxygenated and desaturated blood. Blood that 
is directed to the lungs tends to be “‘trapped” in the 
left heart-pulmonary circuit so that pulmonary flow 
comes to exceed systemic flow, and both pulmonary 
arterial and venous pressures are elevated. If the 
newborn’s heart is otherwise normal, with only a pat- 
ent foramen ovale and patent ductus, so little mixing 
of the circuits occurs that the infant is deeply cyanot- 
ic and unlikely to survive beyond the first few hours 
or days (Fig. 6). However, if there is a ventricular 
septal defect large enough to equalize the systolic 
pressure in the right and left ventricles (Fig. 10) and 
to permit unobstructed mixing of venous and arterial 
blood, the effect of the disproportionately large vol- 


FIGURE 8. Selective right ventricular angiocar- 
diograms of an 8 year old boy with severe val- 
vular pulmonary stenosis, intact ventricular sep- 
tum and patent foramen ovale. Right ventricular 
systolic pressure was greater than systemic at 
186 mm Hg. A, frontal view. Note cardiomegaly 
due to right ventricular dilatation and hypertro- 
phy. The Swiss cheese appearance of the api- 
cal and septal portions of the right ventricle is 
due to enormously hypertrophied right ventricu- 
lar musculature. The main pulmonary artery is 
dilated distal to the obstruction, so there is an 
abnormally convex main pulmonary artery 
shadow. B and C, lateral views in systole and 
diastole, respectively. The contrast medium 
(arrow) jets through the central portion of the 
thickened pulmonary valve into the dilated pul- 
monary artery beyond. The subvalvular area of 
the right ventricle narrows in systole (B) as a 
result of cristal hypertrophy, but widens in dias- 
tole, (C). 


ume that circulates through the lungs and is oxygen- 
ated is to minimize or even obscure the cyanosis. In 
such a baby the condition is often unrecognized and 
he leaves the newborn nursery only to return in a few 
weeks with cardiac failure. 

Other transposition complexes!?? such as “cor- 
rected” or /-transposition (when the aorta is anterior 
and to the left of the pulmonary artery [Fig. 11] and 
the ventricles are usually inverted) and types of dou- 
ble outlet right ventricle!?? and double outlet left 
ventricle! fit into this cyanotic group of conotruncal 
anomalies with increased flow if the relation of the 
ventricular septal defect and the great arteries is 
such as to permit streaming of some unoxygenated 
blood into the aorta. The Taussig-Bing!??19?6 anoma- 
ly is a form of double outlet right ventricle in which 
the ventricular septal defect is in relation to the pul- 


FIGURE 9. Total anomalous pulmonary venous drainage to the left 
vertical vein and around to superior vena cava on the right, in a 1 
month old infant in respiratory distress and cardiac failure. A, frontal 
roentgenogram. Note the right-sided cardiomegaly and the dilated 
main pulmonary artery and branches. A diagnostic finding is the vas- 
cular collar around base of heart due to dilatation of the systemic 
veins that receive the pulmonary veins. B and C, angiocardiograms, 
show opacification of these structures and of the dilated pulmonary 
artery and engorged pulmonary arteries. The catheter is in the main 
pulmonary artery, where injection was made. B, contrast medium 
leaving the convex main pulmonary artery to fill the enlarged pulmo- 
nary arteries and the capillaries. C, confluence of opacified pulmo- 
nary viens and the large left vertical vein as it courses to the dilated 
right superior vena and the enlarged right atrium. The opacification 
of these vessels and chambers explains the diagnostic radiologic 
findings in A. 


monary artery, which then has a higher oxygen con- 
centration than the aorta. With double outlet right 
ventricle, the ventricular septal defect may be infra-, 
intra- or supracristal, may be muscular, or may be 
multiple whereas the great arteries may have their 
normal anteroposterior relation, be side to side or in 
a position of d- or l-transposition. The functional re- 
sult of these different arrangements may be similar, 
but the defined anatomy makes a considerable differ- 
ence in expectation of favorable result of surgery. 

No one of these unusual transposition complexes, 
nor the conditions to be discussed later (truncus arte- 
riosus, single ventricle), is common. But they are of 
uncommon interest because of the challenge they 
pose for understanding the anatomy and function 
and for planning surgical repair. In each of them, the 
pulmonary artery and the aorta have the same pres- 
sure. Unless some degree of pulmonary stenosis ex- 
ists, pulmonary vascular resistance is likely to be 70 
percent or more of systemic resistance by early or 
middle childhood. This is an unfavorable situation 
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for any surgical undertaking since such elevation of 
pulmonary vascular resistance is unlikely to decline 
and is apt to continue to rise. 

Truncus arteriosus: The classification of truncus 
arteriosus into four types, based on point of origin of 
the pulmonary arteries,!?? has assumed practical sig- 
nificance now that it is possible in some carefully se- 
lected patients to remove the pulmonary arteries 
from the truncus and anastomose them to the distal 
end of a graft containing a valve. The proximal end is 
sewn into the outflow tract of the right ventricle so 
that a new pulmonary outflow tract is created.!?? The 
types are identified by selective injections of contrast 
medium.198 

Type I truncus arteriosus, in which the common 
pulmonary trunk exits from the lateral aspect of the 
trunk near the truncus valve (Fig. 7), lends itself to 
repair more easily and is more common than the 
other types. In type II, there is separate takeoff of 
right and left pulmonary arteries from the posterior 
aspect of the ascending trunk; they are not in conti- 


EOE TERTATA Mie ae ee 
_ CYANOTIC CONGENITAL, HEART DISEASE—ENGLE 





mee r c T! £7 P. Rs eH UT v nw > Fr aT r Yi fad len ee a wee "Twy X 
re vee 


» l^ 


FIGURE 10. Selective right ventricular angiocardiogram in lateral 


view of child with complete transposition of the great arteries and 
large ventricular septal defect. Note spread of contrast medium 


- through the defect into the posterior (left) ventricle and the unopaci- 


fied area of thick ventricular septum beneath the ventricular septal 


defect. The aorta is anterior and the level of the aortic valve is high 


because of the subaortic conus. The transposed posteriorly placed 
pulmonary artery is as large as the aorta. There is no subplumonary 
conus, so the pulmonary valve is at a lower level than the aortic 
valve. There is no subpulmonary stenosis, either angiocardiographi- 
cally or by pressure measurements. 


nuity. Type III is more complicated, since the pulmo- 
nary arteries arise from the lateral aspects of the as- 
cending aorta or from brachiocephalic arteries or a 
ductus-like structure from the transverse arch. Type 
IV truncus resembles the condition of pseudotruncus 
arteriosus!?? (Fig. 4 and 12), a variant of tetralogy of 
Fallot. In both, the lung vessels derive from systemic 
arteries leaving the descending aorta, but in type IV 
truncus, no remnant of pulmonary arteries is found. 
Some patients have unusual vascular arrangements 
that do not fit neatly into this classification but are 
atypical or are hybrids. Pulmonary vascular supply to 
the two lungs may be different; there may be only a 
single pulmonary artery. These variations were con- 
sidered in Edwards and McGoon's reclassification!’ 
of the condition in which there is absence of anatom- 
ic origin from the heart of the pulmonary arterial 
supply. That reclassification has clinical significance 
for repair. Of 262 patients with this finding, 64 per- 
cent had confluence of right and left pulmonary arte- 
ries, 3 percent had nonconfluence, 24 percent had no 
pulmonary arteries and 9 percent had unilateral ab- 
sence of a pulmonary artery.?9? 





FIGURE 11. Selective ventricular injection of child with single ventri- 
cle and “corrected” or Ltransposition of the great arteries with val- 
vular pulmonary stenosis. The catheter was introduced from the in- 
ferior vena cava and right atrium into the ventricle, which has the 
contour of an anatomic left ventricle. The aorta on the left and the 
main pulmonary artery on the right opacify simultaneously. Arrow 
points to radiolucency of the deformed and stenotic pulmonary 
valve. Lateral view (not shown) shows the aorta anterior to the pul- 
monary artery. 


At the time of study it is important for consider- 
ation of surgery to determine not only pulmonary re- 
sistance and flow, and the points of origin of the pul- 
monary arteries and their continuity or discontinuity 
with one another, but also to identify where the trun- 
cus arteriosus arises in relation to the right or left 
ventricle, the presence of a ventricular septum and 
size of the defect, and the presence of truncus valve 
insufficiency?91202 or stenosis. Coronary arterial 
anatomy can usually be determined from the selec- 
tive injection just above the truncus valve. 

Single ventricle: Definition of the type of single 
ventricle?0?-?05 has also assumed practical signifi- 
cance with the present early success of placing a syn- 
thetic septum in selected cases.!4?,206.207 The most 
common type of single ventricle is that with two atria 
and with inversion of the A-V valves that communi- 
cate with one ventricle that is an inverted left ventri- 
cle with an outlet chamber that represents the right 
ventricular infundibulum or conus (Fig. 11). The 
great arteries are usually in an /-transposition rela- 
tion (Fig. 11) but may be d-transposed, or side by 
side, or in the normal relation.?99 Obstruction to flow 
may occur at an A-V valve, within the ventricle at the 
bulboventricular foramen leading to the outlet cham- 
ber, or in the valves (Fig. 11) or great arteries them- 
selves. There may be a common truncus arteriosus. 
Each of these possibilities must be carefully evalu- 
ated in diagnosis of the patient with a single ventri- 
cle.?099 

Common atrium: This defect, (Fig. 2) is even 
more unusual. It is sometimes found in patients with 
Ellis van Creveld syndrome.?!? Determination of sys- 
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FIGURE 12. Aortogram of infant with pseudotruncus arteriosus with right aortic arch and descending aorta. A, large systemic arteries leaving 
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the descending aorta. In B, anastomosis of these arteries with small left and right pulmonary arteries that become confluent and terminate in a 
small blind main pulmonary artery (arrow) that does not connect with the right ventricle. 


temic venous return by catheterization from the left 
arm as well as from the leg and of pulmonary venous 
drainage by selective injection into the pulmonary ar- 
tery is needed in planning repair. 

Total anomalous pulmonary venous drainage: 
This is another uncommon condition that is amena- 
ble to surgery.!?^?1L2!? Its rarity is indicated by its 
reported occurrence once in 6,825 live births sur- 
veyed in Auckland, New Zealand.?!? Mitchell et a1.?13 
did not list it among the malformations found in the 
457 youngsters with congenital heart disease from 12 
centers in the United States during a recent coopera- 
tive prospective study of the outcome of 56,109 
births. The incidence rate of congenital heart disease 
in that large series was 8.14 percent. The anomaly 
constituted 1 percent of the autopsy specimens from 
newborns with congenital heart disease at Johns 
Hopkins.?!? Fyler et al.?!4^ reported an incidence rate 
of 2 percent in the critically ill infants in the 1st 
month of life in the New England Regional Infant 
Cardiac Program, in which the emphasis is on detec- 
tion and treatment of the sick newborn with heart 
disease. It is estimated that 10 percent or fewer with 
this anomaly seek medical attention after the age of 1 
year. Then the condition is much more benign and 
resembles a simple atrial septal defect in its manifes- 
tations and suitability for surgery.?!5 

The most generally accepted classification is that 
of Darling et al.?!$ who classified the anomalies of 
drainage of all the pulmonary veins according to their 
point of juncture with the right atrium or a tributary 
thereof. In decreasing order of frequency, there are 
four groups: supracardiac, cardiac, infracardiac and 
mixed. The condition is recognized by the identity of 
oxyhemoglobin saturation in the right and left sides 
of the heart. The type of drainage is determined by 
selectively injecting contrast medium into the main 


pulmonary artery and observing the confluence of 


pulmonary veins and their course above or below the © 
diaphragm to the point of abnormal entry (Fig. 9). - 
Any narrowing in the path of drainage or obstruction © 
to flow from right atrium into the left atrium and - 
systemic circulation is analyzed by this visualization — 
and by measurement of pressures and oxygen in the 
pulmonary artery, venae cavae and right heart cham- | 
bers. When the right side of the heart is greatly dilat- —. 


ed, the volume of the left atrium and ventricle by 
comparison appears small but is usually adequate. 
Selective left ventricular injection helps to evaluate 
size and whether the ventricular septum is intact. 
Hypoplastic left heart syndrome: This syn- 
drome?!7??18 functionally mimics the condition of 
total anomalous pulmonary venous return and is 
about eight times as common. Echocardiography has 
become quite useful in distinguishing the inoperable 


situation of hypoplastic left heart syndrome from the © 


potentially operable condition of total anomalous 


pulmonary venous return. In the former, one might — 


not wish to perform cardiac catheterization, whereas 
in the other situation, the distressed newborn re- 
quires cardiac catheterization with contrast visualiza- 
tion as an emergency procedure in anticipation of 
open heart surgery. The distinguishing features on 
ultrasonic study of the hypoplastic left heart syn- 
drome are the absence of echoes or small amplitude 
of echoes from the mitral valve and the absence or 


unusually small size of the left ventricle and aortic | 


root.96.183,219 


When babies with the hypoplastic left heart syn- - 


drome are studied, selective injection of contrast me- 
dium into the main pulmonary artery often gives the 
essential information about the left side of the heart: 
the patent ductus arteriosus that supplies blood to 
the descending aorta and some reflux up the arch, 
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the normal venous return to the left atrium and then 
_ the hypoplasia or atresia of the mitral and aortic 
-. valves, left ventricle and ascending aorta.?!? 


2. Deficient Pulmonary Blood Flow Without Pulmonary 


— Hypertension 


. It was for many of this group of cyanotic patients 
with reduced pulmonary flow and low pressure that 


. shunt procedures to increase pulmonary blood flow 


proved to be so helpful and opened up the field of 


surgery on blue babies. 


Physical examination of the patient with right to 
left shunting and severe valvular or subvalvular pul- 
monary stenosis reveals diminution and delay of the 
pulmonary component of the second heart sound 


— (Table IV). It may even be inaudible so that only the 
— sound of aortic closure is heard. The systolic murmur 


in these cyanotic patients is due to pulmonary steno- 


sis, not to a septal defect. It is a crescendo-decrescen- 
_ do ejection type systolic murmur, maximal in the sec- 


ond left interspace, that radiates along the course of 


_ pulmonary blood flow so that it is audible over the 
. lung fields posteriorly. In phonocardiograms this 
" murmur appears diamond-shaped. An early systolic 
— ejection sound signifies valvular pulmonary stenosis, 
although this helpful sign may be absent when the 
— stenosis is severe. With pulmonary atresia, no cardiac 
- murmur is heard, but over the lung fields anteriorly 


or posteriorly, on one or both sides, one may hear a 


- continuous murmur of collateral circulation due to 


— = — -n [l 
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systemic arteries anastomosing with intrapulmonary 
arteries (pseudotruncus arteriosus).!98 

Electrovectorcardiography depicts the hypertro- 
phy or dilatation, or both, of the right ventricle and 
shows “strain” if the pressure is greater than the sys- 
temic pressure. If the right ventricle is rudimentary 
or underdeveloped, there is absence of the expected 
right ventricular forces. 

Radiologic confirmation of decreased pulmonary 
blood flow is provided by the hypovascularity of the 
lung fields, which appear unusually radiolucent. If 
there is infundibular stenosis with hypoplasia of the 
main pulmonary artery, the heart appears boot- 
shaped with a concave outflow tract area (Fig. 3). On 
the other hand, if the stenosis is purely valvular, 
there is poststenotic dilatation of the main pulmo- 
nary artery and often of the left main branch (Fig. 8). 
The cardiothoracic ratio is average unless the ven- 
tricular septum is intact. 

Echocardiography?? in the patient with tetralogy 
of Fallot reveals right and left ventricular chambers 
of equal size, a ventricular septum and, when there is 
overriding of the aorta, discontinuity between the 
septum and the aortic root (Fig. 1). Sweep of the 
transducer from mitral valve to aorta shows these 
structures to be in continuity, thus excluding a dou- 
ble outlet right ventricle.?° In general, the larger the 
aortic root, the smaller is the pulmonary anulus in te- 
tralogy; thus, determination of the size of the aortic 
root helps in this assessment of severity of the anom- 


FIGURE 13. Selective right ventricular injection 
in a child with tetralogy of Fallot. Simultaneous 
frontal (left) and lateral views. A, opacified right 
ventricle and pulmonary artery of average size. 
Arrow points to discrete subpulmonary steno- 
sis, which widens in diastole (B). The pulmo- 
nary valve area appears normal. In B, faint opa- 
cification of minimally overriding aorta is seen in 
the frontal view; in the lateral view, contrast 
medium is seen passing through the high ven- 
tricular septal defect into the left ventricle. 





aly. With pulmonary stenosis and intact septum, 
there is septal-aortic continuity. Tricuspid atresia 


- with rudimentary right ventricle is characterized by 
... the absence of tricuspid echoes and the presence of a 


small right ventricular chamber; in Ebstein's anoma- 
ly abnormal movement and delay of tricuspid closure 
are recorded.??9 

"These preliminary determinations help to plan the 
- cardiac catheterization with contrast visualization. 
When the pressure in the right ventricle is measured 
to be at a systemic level, the patient is positioned and 
injections are made selectively to distinguish tetralo- 
gy of Fallot (Fig. 13 and 14) from the conditions that 
mimic it (Table III). 


Types of Malformations 


Tetralogy of Fallot: This defect consists of a high 
ventricular septal defect, large enough to equalize 
systolic pressure in the two ventricles at a systemic 
level, in conjunction with pulmonary stenosis of such 
'severity that the pressure in the pulmonary artery is 
normal or less than normal. When the diagnosis of te- 
tralogy of Fallot is established, then analysis is made 
of the many features that are important in planning 
surgery: the presence and the severity of subvalvular, 
valvular and supravalvular pulmonary stenosis; prox- 
imity of the infundibular stenosis to the pulmonary 
valve; size of the pulmonary anulus; size of the main 
pulmonary artery and the two branches and whether 


FIGURE 14. Selective right ventricular angiocardiogram in lateral 
view of boy with tetralogy of Fallot with subvalvular, valvular and su- 
pravalvular (arrow) pulmonary stenosis. Contrast medium opacifies 
the region of the ventricular septal defect and enters the large and 
moderately overriding aorta. | 













cristal but may be intracristal and is cae Peer Ss 
and the degree of overriding of the aorta. In an un- 
usual variant of tetralogy, there is absence of the pul- E 
monary valve and aneurysmal dilatation of the main  - 
pulmonary artery and branches.**! The obstruction is - 
at the anulus. Important too is the determination of | ^n 
any systemic blood supply to the lungs. Sometimes 2 
one pulmonary artery arises from the aorta rather | | 
than from the right ventricle like its mate. If a shunt - cy 
procedure has previously been performed, that too is ^. 
analyzed for patency and for pressure in the pulmo- - 
nary artery beyond as well as for any distortion or j 
complications such as kinking!” or aneurysmal dila- - 


analyzes the adequacy of right atrial outlet to the left | 
atrium and the outflow from the left ventricle; pres- — 
ence of obstruction to aortic flow at cardiac level: or 
beyond; presence of a large or a small and restrictive 


tation. 
Tricuspid atresia: If this defect is present, one - 


ventricular septal defect for communication with the 
rudimentary right ventricle; the size of the right ven- Af 
tricular chamber, pulmonary anulus and vessels; and - sed 
any systemic blood supply to the pulmonary artery. — . 
Pulmonary stenosis: With an intact septum (Fig. | 
8) or a small ventricular septal defect, the systolic . 
pressure in the right ventricle may soar to over 200 : s 
mm Hg and the wall and cristae may be greatly hy- HA 
pertrophied. The right ventricle usually is of ade- - 
quate size but may be rudimentary or, conversely, 3 
greatly dilated. There may be secondary tricuspid re- 
gurgitation. In the newborn, the pulmonary valve 
may be atretic. qu 
Ebstein's anomaly of the tricuspid valve: The 1 
degree of downward displacement of the tricuspid . 
valve and the portion of the right ventricle that is . 
atrialized?*.2?,228 are analyzed because these features . 
determine severity. Intracardiac recording of the — 
electrocardiogram aids in distinguishing the point of - 
change of the atrialized right ventricle and atrium.??4 _ 
Anomalous systemic venous return to the left — 
atrium: This condition??? may occur alone or be part i 
of a more complex anomaly. As an isolated event itis . 
associated with cyanosis but no heart murmur, elec- T2 
trocardiographic abnormality, nor cardiomegaly. Ass E 
straight, vertical density at the base of the heart on — 
the left suggests a left superior vena cava. Usually - 
that structure drains into the coronary sinus, but ii 
may enter the left atrium. If one suspects anomalous . ry 
systemic venous drainage, the anomaly can be identi- ^ 
fied by selective injection from the arms and from | a 
below the diaphragm. EMEN WES 














3. Deficient Pulmonary Flow With Pulmonary 
Hypertension at Systemic Level 


The characteristic finding on physical examina- - 
tion of right to left shunting and increased pulmo- | 
nary pressure and vascular resistance is accentuation 
of the pulmonary component of the second heart — 
sound. The pulmonary component occurs earlier 3 





than normal so that the second sound is narrowly | 




















apito or Siib, aidtiics Y is a murmur of pul- 
- monary insufficiency: a high- pitched, decrescendo di- 
:  astolic murmur occurring in early and mid-diastole 
along the left sternal border and heard better with 
P the: patient supine than upright. There may be no 
systolic murmur at all or a short early systolic at the 
E or lower sternal border. leas an early 


: m: "The heart is not much enlarged until it decompen- 
(s ced The right ventricular hypertrophy is reflected 


x, 
a u^ 
ESL. 


Eus. region appears full and the main pulmonary ar- 
tery is usually convex. Echocardiography shows hy- 
- pertrophy and dilatation of the right ventricle and 
_ the relation of the ventricular septum, aortic root and 
— mitral valve. 
—— When the cyanotic patient is shown by cardiac 
- eatheterization and angiocardiography to have the 
_ Eisenmenger reaction, he is not a candidate for cardi- 
(4^8 ac surgery. Although surgery has little to offer, under 
. medical management the patient may be remarkably 
free from symptoms and lead an active life as an 
j adult. 2AN 


Management 


E. E foday' s population of patients born with a form of 
ES jahotis heart disease consists of a mix of patients 
- not operated on whose conditions range from severe 
" to mild, as well as a variety of surgically treated chil- 
i dren and adults with a wide spread of functional and 
m anatomic results. Management is individualized and 
- is based on accurate diagnosis and regular reassess- 
D ‘ment of that patient and of the changing trends in 
Be Sperapy. 

A In the cyanotic patient's lifetime of car 
5 primary physician, cardiologist and cardiovascular 
- surgeon provide a cooperating continuum with differ- 
. ent responsibilities at different times. In consultation 
je - with the patient's physician, the cardiologist provides 
E - definitive diagnosis, treatment of complications and 
- systematic long-term follow-up. Reminders of the 
= importance of antibiotic agents in therapeutic doses 
; E at the time of oral or genitourinary surgery help pre- 
_ vent infectious endocarditis. Counseling for school- 
Y ing, job selection, recreation, marriage and family be- 
3 gins early and continues, with the goals being to en- 
"n . courage the patient to perform near the peak of his 
—— capacity and to be a well- adjusted, effective member 
I of society. To be competitive in the job market, the 
- person born with a cardiac defect has to overcome a 
-= certain reluctance of employers to hire the “handi- 
EU capped." Therefore, we should not only help the ado- 
-— J]escent to be as hearly normal as modern medicine 
E and surgery permit, but we should also encourage his 
_ being as well prepared for his job as possible. 
Consummate skill and continuing commitment to 


e, 531,226 his 





improvement of BUE are REN of he Ce iowa: ee 
cular surgeon, who must understand and strive to re- 


pair the great variety of abnormalities of structure 
and function that constitute cyanotic congenital 
heart disease. Consideration and planning for cardiac 
surgery and the perioperative management of the pa- 
tient are a shared medical and surgical responsibility, 
wherein skills and experience are joined to ensure a 
favorable outcome. Meticulous attention to detail is 
just as important in the intensive care unit after sur- 
gery as it is in the operating room. The younger and 
smaller the subject, the less room there is for small 
error or for deviation from the guidelines for care 
previously agreed upon and regularly in use by the 
hospital team. 

Our present attitude about the indications and the 
timing of surgery for patients with the most common 
cyanotic malformations follows. For the unusual 
anomalies, similar principles apply. Each patient is 
judged individually but in general, if the anatomic 


features are suitable for open primary repair at low © 


risk, we believe that this approach is preferable to 
early palliation followed by open heart surgery. 
Short-term results thus far support this concept. 


1. Excessive Pulmonary Flow 
Palliative Procedures 


Palliation for this group consists of two types of 
procedures, creation of an atrial septal defect and 
pulmonary arterial banding. 

Creation of an atrial septal defect: This can be 
done either medically by the Rashkind technique of 
balloon atrial septostomy!?? in the newborn or surgi- 
cally by the Blalock-Hanlon procedure of atrial sept- 
ectomy.!?? The purposes are to improve interatrial 
mixing and relieve obstruction to pulmonary venous 
return in patients with complete transposition of the 
great arteries or pulmonary veins. For the newborn 
infant under the age of 2 weeks who has complete 
transposition of the great arteries, the Rashkind pro- 
cedure is life-saving.!?9-16? Benefit usually lasts for 
several months but rarely in our experience for as 
long as a year.??72?8 When the baby becomes more 
cyanotic and tachypneic, he should be operated on 
before he is severely ill with cardiac failure, pulmo- 
nary edema or a cerebrovascular accident. Should he 
then undergo surgical septectomy and defer physio- 


logic rerouting of the venous return until he is 3 to 5 | 


years old, or should the Mustard procedure of intra- 
atrial venous rerouting be undertaken as the next 
step?229230 Experience at our institution?! and at 
others over the past few years indicates that these 
sick infants can undergo open repair at the same low 
risk and with the same good expectation of improve- 
ment as older children.168-173,231-234 Therefore we no 
longer recommend the Blalock-Hanlon repair as an 
intermediate step. 

For sick infants with total anomalous pulmonary 
venous return, we believe early open repair is prefer- 


able to palliation by balloon septostomy or atrial sep- 


tectomy. 
Pulmonary arterial banding: The other pallia- 
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tive operation for cyanotic infants with increased 


pulmonary flow is pulmonary arterial banding.!?? 
This technique was utilized in babies with excessive 
pulmonary flow and uncontrollable cardiac failure in 
an effort to gain a better balance of systemic and pul- 


monary flow. It was also employed, although infre- 


quently, in some babies with early evidence of elevat- 
ed pulmonary vascular resistance in an attempt to 
protect the pulmonary bed. Subjects who were candi- 
dates for pulmonary arterial banding included those 
with any of the transposition complexes in associa- 
tion with a large ventricular septal defect, those with 
a single ventricle without pulmonary stenosis and 
those with common truncus arteriosus. In these pa- 
tients with cyanotic heart disease, it was especially 
difficult not only to place the pulmonary arterial 
band, if there was an anomalous or posterior location 
of the pulmonary artery, but it was also more diffi- 
cult than in patients with a simple ventricular septal 
defect to know how tight the band should be. Too 
loose a band meant an ineffective operation with the 
high risk that accompanies any operation on a sick 
patient that does not help. Too tight a band caused 
deepening of cyanosis and an increase in polycythem- 
ia. Pericardial adhesions made later surgery difficult. 
Additional problems encountered when later repair 
was attempted concerned not only the tightness but 
also the width of the band and its location on the ar- 
tery. Often it was necessary to repair and to enlarge 
the constricted artery. The position of the band too 
close to the pulmonary valve caused damage to the 
leaflets as they opened. Migration of the band to the 
bifurcation obstructed flow to one or both pulmonary 
arterial branches, which then did not enlarge with 
growth of the patient. 


Open Corrective Procedures 


Against these problems of banding the pulmonary 
artery must be weighed the risks and rewards of early 
open heart surgery in the cyanotic individual with 
the anomalies mentioned. If the risks seem equal or 
better with the direct approach, we favor repair over 
surgical palliation and subsequent open operation. 
There is a distinct benefit to growth and develop- 


ment that comes with early disappearance of a right 


to left shunt. 

Complete transposition of the great arteries— 
the Mustard procedure: This open reparative oper- 
ation is recommended for the infant with palliation 
as soon as he begins to lose the benefit of the created 
atrial septal defect. Over the past several years the 
lower age limit for this repair has gradually been re- 
duced from the previous “ideal” age of 2 years or 
more, down into the 1st year of life and even to the 
age of a few weeks, with no increase in mortality 
above the previously experienced rate of 5 to 10 per- 
cent.?79231-235 The youngest survivor in our series 
was a 13 day old baby.?3.,2362?7 The technique of pro- 


. found hypothermia has been particularly valuable in 
this lowering of the age limit.!40.233,234 


The Mustard procedure physiologically corrects 
the condition of transposition of Lone great arteries SDN 


other technical details of tailoring and sewing in the - 


. defect, 37 of 93 (40 percent) infants and 26 of 35 (75 — 


larly harmful in this regard, for all five infants under |. 
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rerouting the systemic and pulmonary venous petunia 
within the atrium. The atrial septum is excised and a. 
pericardial patch is emplaced so that the blood in the 9 
venae cavae and coronary sinus drain into the new - 
physiologic right atrium, mitral valve and left ventri- - 
cle, and so to the pulmonary artery. Pulmonary ve- 
nous blood enters the new physiologic left atrium 
(previous anatomic right atrium) and crosses the tri- - 
cuspid valve to be pumped by the right ventricle into 
thé aorta 155.229 E 
Early problems following this procedure Consist M Y 
of damage to the conduction system, superior vena _ 
caval obstruction, pulmonary venous obstruction, et E 
adequacy of size of the new right or left atrium, shri- - 
veling of the patch, leaks about the patch and tricus- - 
pid insufficiency. 168-1735 Each problem was ana- - 
lyzed and is now to a large extent preventable. Par- ` E 
ticularly troublesome in early series was damage to. x a 
the conduction system that resulted in heart block or - E 
in the “sick sinus syndrome" with episodes of brady- - 
Or tachyarrhythmia. 168 Tn our experience this has not - 
been a problem i in the past 4 years after a modificat d 
tion was made in the suturing of the patch about the . 
coronary sinus, in the manner of opening the right - 
atrium and in the avoidance of trauma to the area - 
near the superior vena cava where the sinus node is 1 
located.??! ; 
Superior vena caval obstruction has been mini- "3 
mized by complete excision of the upper atrial sep- - 
tum. Enlarging the new pulmonary venous atrium — d 
with a piece of pericardium has prevented pulmonary . a 
venous obstruction.229 Care is taken not to ges È 
the tricuspid leaflets during the repair. These and 







pericardial patch have overcome some of the early | Po 
problems that were part of the “learning curve" in . - 
dealing with this anomaly. Questions still to be an- - a 
swered concern what will happen to the new atria 
and to the venous return when the patient grows to 
adulthood, and whether the right ventricle and tri- . * 
cuspid valve can function efficiently for decades ata .. 
systemic pressure level. 3 
Complete transposition of the great arteries— 5 
correction of additional anomalies: Additional — 
anomalies pose other problems. Ventricular septal a 
defect with complete transposition can be small and 
restrictive and of little physiologic consequence, or itc 
can be large and of considerable significance. The - 
large defect permits mixing so that the baby is not — 
deeply cyanotic, but it is also associated with the — ; 
early onset of severe pulmonary vascular obstruc-  . 
tion.!?? In a recent study of lung specimens of 200 pa- 
tients with transposition of the great arteries, only 9 
of 107 (8.4 percent) with an intact septum or a small 
ventricular septal defect demonstrated greater than 
grade 2 (Heath-Edwards classification!?) pulmonary  . 
vascular disease whereas among patients with a large | 






percent) over the age of 1 year had greater than grade 
2 changes. A large patent ductus arteriosus was simi- 


1 year who had grade 3 or 4 changes had a large pat- E 





int duet 
that t the jm pert ae tl d Para Or atf 
ya uctus. arteriosus should be closed before age 6 
. months to prevent progressive damage.??? This can 
FE accomplished at the same time as the Mustard 
© procedure. The ventricular septal defect can usually 
—be closed through the tricuspid anulus with a 
a patch. 239,240 High pulmonary vascular resistance is 
usually a contraindication to repair, unless there is an 
eae of pulmonary venous hypertension from in- 
te atrial mixing that can be relieved by the 
ustard procedure. One of our most dramatic results 
E. c ay surgery was in an intensely cyanotic 18 month old 
E . boy with a hematocrit of 80 percent, probe-patent 
. foramen ovale and a moderate ventricular septal de- 
x fect. The pressure in the pulmonary artery was only 
i x 10mm Hg less than in the aorta preoperatively, but 1 
year after the Mustard procedure and closure of the 
E iaaa septal defect, he had no shunts and had 
Y oem pulmonary arterial pressure and resistance. 
_ A small amount of pulmonary stenosis with trans- 
p osition of the great arteries can sometimes be re- 
AE ieved at the same time, although the obstruction, 
— which i is usually subpulmonary in the left ventricular 
Pr E butilow tract, is difficult to reach through the poste- 
rior pulmonary artery or ventricular septal defect. 
E E Other complicating anomalies such as coarctation of 
| _ the aorta, rudimentary right ventricle and tricuspid 
E. atresia are rare.?!! Although significant coarctation 
> am nay be separately repaired, the other two situations 
ll for palliation if atrial mixing is inadequate, and if 
e pulmonary flow is really excessive, pulmonary 
ding may help. 
Other malformations in the transposition com- 
M Eres or conotruncal positional anomalies with 
p isis outlet right or left ventricle, with and 
without ventricular inversion: Open repair of 
m Ces lesions has produced some gratifying results as 
- ingenious techniques have been utilized to interrupt 
-. the shunt at ventricular level and to direct the blood 
D fios i in physiologic direction.!???^? Repair depends 
- on the location of the ventricular septal defect in 
ipee to the great arteries and on the degree of 
rotation of the great arteries in relation to one anoth- 
M er and the ventricular septum. The surgeon may use, 
in addition to the Mustard procedure, the Rastelli 
3 Crescit of an external valved conduit, or an inter- 
CMS nal interventricular rerouting by a hammock-like 
E  "Teflon9 felt prosthesis. For example, the cyanotic 
AN | child with Taussig-Bing anomaly (double outlet right 
- ventricle and subpulmonary ventricular septal defect 
- could undergo open heart surgery with a hammock- 
- ike Teflon patch to interrupt the ventricular shunt 
. and to connect the overriding pulmonary artery to 
-. the left ventricle, leaving the aorta arising from the 
e right ventricle. Thus the condition would be func- 
m^ tionally a complete transposition. But a Mustard 
B . procedure could then be carried out at the same oper- 
E . ation to reroute the venous return so as to correct the 
2 _ flow of blood physiologically. 
Truncus arteriosus—Rastelli procedure: This 
“lesion can be repaired by the Rastelli procedures LT 
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heart failure. has been treated and the anatomy de- 


fined. Later operation in childhood to place a larger 
external valved conduit would be a necessary sequel 
to early surgical success. Surgical planning requires 


preoperative delineation of the relation of the trun- 


cus to the right or left ventricle, the takeoff of the 
pulmonary arteries and the question of truncus insuf- 
ficiency or stenosis.24?244 Type I truncus with the 
pulmonary arteries emerging from the left basal as- 
peet of the trunk in a nearly normal position is fortu- 
nately the most common type, since it presents less 
difficulties in placing a graft with a valve to create an 


outflow from the right ventricle to the pulmonary ar- 


tery (Rastelli procedure!?5) than do types II and III 
with the pulmonary arteries arising separately and 
more remotely. Type IV truncus without any pulmo- 
nary arteries but with systemic arterial supply from 
the descending aorta appears inoperable at this time. 

















High pulmonary vascular resistance, greater than 70 . 


percent of systemic, renders the other types inopera- 
ble. The ventricular septal defect is closed through 
the right ventriculotomy. Severe truncus insufficien- 
cy can be relieved by replacing the truncus valve.?°? 


Single ventricle—prosthetic septum: Just re- 


cently, selected patients with single ventricle without 
pulmonary vascular obstruction have been operated 
upon.!%4,296 The surgical candidates have had two 
A-V valves with separate attachment of papillary 
muscles so that a prosthetic septum could be con- 
structed to allow for blood flow in the physiologic di- 


rection to the great arteries. The cardiac conduction __ 


system is anomalous and tends to run, not posteroin- 
feriorly distal to the tricuspid valve but anterosuper- 
iorly and in relation to the bulboventricular foramen. 
Intraoperative mapping of conduction pathways has 
added to the safety of this operation by avoidance of 
injury and heart block. Since no growth of the pros- 
thetic septum can be anticipated, it would seem ad- 
visable at this time to defer such surgery until after 
age 5 years. Until then, banding of the pulmonary ar- 
tery might be considered as a temporary measure to 
cut down excessive flow. 

Common atrium: This defect can be successfully 
repaired (Fig. 2) with a large Teflon patch after pre- 
cise definition of the points of entry of each pulmo- 
nary vein and vena cava and identification of the cor- 
onary sinus.?!? Often there are bilateral superior 
venae cavae; the anomalous left vena cava then may 
drain into the coronary sinus as it usually does, or 
may drain into the left side of the common atrium as 
it did in the patient with levocardia and visceral het- 
erotaxia whose heart is shown in Figure 2. She also 
had anomalous pulmonary venous drainage into the 
right as well as left side of the common atrium. 
Therefore, it is essential that drainage of systemic 
and of pulmonary veins be accurately identified in 
the operating room before the large patch is sewed in 
to create two atria appropriately related to the atrio- 

ventricular valves. 

Total anomalous pulmonary venous return: Pa- 
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| du two different ways: (1) as a sick, slightly cyanotic 


distressed baby with heart failure, volume-over- 
loaded right heart chambers, flooded lungs, some 
pulmonary hypertension and slight or no obstruction 
to pulmonary venous drainage (Fig. 9), or (2) as a 
deeply cyanotic dyspneic baby with a small heart and 
obstructed pulmonary venous outlet.?49246 Both pre- 
sentations are true cardiac emergencies that call for 
prompt recognition and immediate diagnostic studies 
followed by open heart surgery to reunite the pulmo- 
nary veins with the left atrium.!197,140,146,211,216,247 
'There is then about a 75 percent chance for survival 
and improvement. When the suture line in the left 
atrium is extended maximally to include the left atri- 
al appendage, the risk that the anastomosis will be- 
come obstructive as the baby grows into childhood is 
minimized. Consistently successful surgery in these 
babies is too recent for long-term follow-up of the ef- 
fects of growth. 

About 10 percent of patients with total anomalous 
pulmonary venous return do not get into such diffi- 
culty early in life, probably because there is no ob- 
struction to the anomalously draining veins and be- 
cause the pulmonary vascular bed is compliant 
enough to accept a large volume without pulmonary 
hypertension. For this group of patients, open repair 
can be scheduled electively. We prefer to do this after 
the age of 5 or 6 years to ensure as large an anastomo- 
sis as possible. Risk of surgery then is small. 

Hypoplastic left heart syndrome: Infants with 
this condition have little chance for salvage unless 
there is some extra malformation that permits a suf- 
ficiently large ascending aorta to supply adequate 
coronary and cerebral arterial circulation.?! ^?! Then 
creation of an atrial septal defect can relieve some of 
the obstruction to pulmonary venous outflow, and 
banding the pulmonary artery can bring pulmonary 
flow into better balance with systemic flow. At The 
New York Hospital, two children with mitral atresia 
and a single ventricle giving rise to both great arteries 
were so treated and are living relatively symptom- 
free lives at the ages of 10 1/2 and 7 years. 


2. Deficient Pulmonary Blood Flow With Normal or 
Low Pulmonary Pressures 


Palliative Procedures 


Palliation by a shunt to increase pulmonary flow is 
indicated for the symptomatic baby with tetralogy of 
Fallot who has hypercyanotic spells or is polycythem- 
ic but who has unfavorable anatomy for open repair, 
due to marked hypoplasia of the right ventricular 
outflow tract and pulmonary anulus and arteries. 
Palliation is also indicated for infants with severe 
pulmonary stenosis together with rudimentary right 


- ventricle or with single ventricle and for those with 


complete transposition of the great arteries and ven- 
tricular septal defect. For some of these infants who 
are helped by a shunt to increase pulmonary flow, 
there is hope for reparative operation a few years 
later. If that is not possible, it is comforting to know 


that benefit from a first palliative operation can last - 
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for many years and that there are other shunt proce- . 
dures available if the early one is outgrown. NL > 
Blalock-Taussig anastomosis: Our choicé of the | E 
shunt has been modified by experience and by long- - » 
term follow-up. The Blalock-Taussig end to side — 
anastomosis of subclavian to pulmonary artery! has E 
provided the most satisfactory long-term re- . 
sults!47.148 with only a small risk of pulmonary hyper-  - 
tension and with relative ease of takedown at later — 
open heart surgery. It is our first choice for children 
and for large babies. However, in the 1st month of . 
life, there is still difficulty with patency of the anas- . 
tomosis when a small subclavian artery is turned - 
down to a hypoplastic pulmonary artery. n 
Glenn anastomosis: The Glenn anastomosis of su- — 
perior vena cava to right pulmonary arteryl25,154- 156: 0 
is also ineffective in the 1st month and at any age P. 
when there is great disproportion between the size of — 
the vena cava and the artery. Furthermore, this — 
shunt trends to “shrivel” as time passes. Therefore, — 
we reserve it for specially selected cases, such as tri- i. 
cuspid atresia when a Fontan procedure is a possibili- E. 
ty in the future.! 4! i 
Waterston shunt: Because of the problem of kink- — 
ing and even of interruption of continuity of the right - a 
pulmonary artery when the ascending aorta is anas- - 
tomosed to it (Waterston shunt!9?7248249). we do not - pr 
recommend this procedure unless there is no other J 
alternative. 
Potts anastomosis: If a shunt procedure is needed 
in the 1st month of life, we currently prefer a Potts — 
anastomosis of measured diameter between the left- 
descending aorta and adjacent left pulmonary artery. 
If this shunt is not too large initially and does not 
grow too large, it provides relatively equal blood flow - 
to both lungs without pulmonary hypertension, car- 
diac failure or interruption of continuity of pulmo- - 
nary arteries. Surgical techniques have been devised . 
that make the takedown at later repair less difficult — 
than it was originally?9? and, in our opinion, less dif- 
ficult than takedown of the Waterston shunt when . 
the right pulmonary artery must be patched to en- — 
large it or restore continuity.249,249 
Medical palliative procedures: Thus far we have - 
considered surgical palliation for these symptomatic 
babies. Medical palliation sometimes buys time until 
the infant grows a bit. If he is anemic, iron therapy - 
may be given and then discontinued when the hemo- - 
globin reaches 15 to 17 g and the hematocrit 48 to 50 
percent. To persist in iron supplementation beyond 
this mildly polycythemic level is to run the risk of ex- — 
cessive polycythemia and its consequences. | 
Another medical measure that may temporarily re- - 
lieve the hypercyanotic spells that are attributed to | 
infundibular spasm is use of the beta blocking drug . 
propranolol.251:252? Tt can be administered orally or in- - 
travenously for an acute episode, and can be given — 
four times daily beginning at a dose of 1 mg/kg per - 
day and doubling or trebling that amount if neces- — 
sary. There has been concern that in such patients _ 
who come to open repair, myocardial function may be 
impaired. One then has the problem of stopping the © 
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E Arcis the risk of s severe vy: or of continuing 
the therapy and perhaps compromising postoperative 
. Success. If babies are receiving propranolol, we have 
_ stopped the medication while they were in the hospi- 
Rs 3 tal for a few days before surgery. Isoproterenol or cat- 
p 1 à d buc as pharmacologic antagonists may be 
x ‘sci but we have not needed to use them. 


K eTo of Fallot: Open repair is now our pref- 
pi ‘erence over palliation for the patient with tetralogy 
E of Fallot (Fig. 13 and 14) who as an infant beyond the 
: ^st month of life has severe symptoms and favorable 
Vs anatomy, with the pulmonary anulus and pulmonary 
— artery at least one third the size of the aorta.22.165,253- 
_ ?55 For the minimally symptomatic baby or toddler, 

-. operation can usually be deferred until age 2 or 3 
: years. Some patients are older than that when first 
b referred to a cardiac center. Some have already had a 


3 pair unless the anatomy of the cir ai tree is un- 
p putable, 256 
` Open repair through a right ventriculotomy con- 
7 iists first of relief of the obstruction by resection of 
_ infundibular stenosis and incision along the lines of 
_ fusion of pulmonary valve cusps, and then of closure 
— of the ventricular septal defect with a Teflon felt 
"d | patch, taking care to avoid the conduction system.?55 
_ The hypoplastic outflow tract may need to be en- 
D -larged by a pericardial patch, which sometimes ex- 
2 tends through the pulmonary anulus and out onto 
MA 1e main pulmonary artery to enlarge these areas too 
i df they appear restrictive to pulmonary flow. Pressure 
"ie measurements in the operating room help to judge 
; . this point. It is desirable if the right ventricular sys- 
-tolic pressure is less than 70 percent of the systemic 
pe and pressure in the main pulmonary artery 
. is normal. In exceptional cases, pulmonary hyperten- 
- sion is measured that is due to peripheral pulmonary 
stenosis or hypertensive vascular changes related to a 
| previous large systemic to pulmonary arterial 
- shunt.?5? 
— Clinical results of open repair of tetralogy of Fal- 
S lot usually are excellent from the patient's point of 
view, but the preexisting anatomy determines how 
“corrective” the operation is. 164-167 The child whose 
- anatomy is illustrated in Figure 13 has the least de- 
d | rangement from the normal (discrete infundibular 
pulmonary stenosis only, a normal-sized pulmonary 
ie anulus and pulmonary arteries and minimal overrid- 
5 ing of the aorta). The repair should result in com- 
o plete closure of the ventricular septal defect by the 
E patch, without heart block, and in complete resection 
- of the infundibular stenosis without damage to the 
3 valve and with no systolic pressure gradient between 
- right ventricle and pulmonary artery. This is the un- 
E common tetralogy. 
i . Much more often there are multiple areas of steno- 
[s sis with hypoplasia from the outflow tract through 
tbe pulmnondry arterial branches, as in Figure 14. The 
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pulmonary valve may be incompetent after incision. 
It is incompetent when the outflow tract of the right 
ventricle must be enlarged by a pericardial patch 
that extends through the valve ring and out onto the 
main pulmonary artery. Even then, the systolic pres- 
sure gradient between the right ventricle and pulmo- 
nary arterial branches often is not abolished. The 
pulmonary insufficiency that is a necessary conse- 
quence of this enlargement is usually well tolerated if 
there is no large residual left to right shunt through 
an incompletely closed ventricular septal defect. 

Postoperative complete heart block that was a 
problem in the early days of open heart surgery for 
tetralogy of Fallot has been prevented by proper 
placement of stitches to avoid the conduction bundle 
in the danger zone in the posteroinferior rim of the 
defect.?? Another potential problem is the postoper- 
ative pattern in the electrocardiogram of left anterior 
hemiblock (left axis deviation and right bundle 
branch block). Especially if tachycardia or ventricu- 
lar premature beats occur spontaneously or on exer- 
cise, there is a risk of sudden death.?58.259 

It is our observation in short-term follow-up that 
early open heart surgery can be carried out in very 
young children with as much safety and with as good 
results as those achieved in children over age 6 years. 
The mortality rate should be no more than 5 to 10 
percent. These children have the benefit early of 
being acyanotic and of having no impairment to 
growth that can be attributed to cyanosis or to a sur- 
gically created left to right shunt. Early repair also 
forestalls problems that are acquired and make the 
anatomy worse as the patient grows older, problems 
such as progressive subvalvular pulmonary stenosis 
or even atresia. Initial reparative surgery avoids the 
problems mentioned earlier that may occur in long- 
term follow-up of systemic to pulmonary arterial 
shunts.!49-159 

Pseudótruncus arteriosus: Patients with pseudo- 
truncus arteriosus (Fig. 3, 4 and 12), that form of te- 
tralogy with pulmonary atresia and systemic blood 
supply to the pulmonary arterial branches, usually 
get along moderately well through infancy and child- 
hood. Open repair by the Rastelli procedure!?8 is best 
deferred in these patients until later childhood or 
adolescence, since part of the repair concerns the in- 
troduction of a homograft vessel and valve or of a Da- 
cron? conduit with porcine valve to establish a route 
of blood flow to the pulmonary artery. Since there 
will be no growth of the graft, it is preferable to wait, 
if the patient's condition permits, until a graft can be 
inserted that is large enough so that it will not later 
restrict pulmonary flow. The large vessels of collater- 
al circulation are ligated near the aorta and the ven- 
tricular septal defect is closed at the repair. Long- 
term results are not yet available; however, one re- 
port that extended almost 5 years after the operation 
noted some residual or recurrent pulmonary stenosis 
but clinical well-being.?60 

Other complicated tetralogy-like lesions: Pa- 
tients with tetralogy-like lesions are candidates for 


open heart surgery if the team is fully cognizant of 
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the anatomy and thoroughly experienced with tech- 
niques of repair of these unusual situations. Open re- 
. pair may be complex if reconstruction of continuity 
of the right pulmonary branch is required?49?4? or if 
an external conduit or a homograft or porcine valve is 
needed because there is absence of the pulmonary 
valve with pulmonary insufficiency,??!?6! aortic ori- 
gin of one pulmonary artery?9? or atresia of the pul- 
monary valve,!98 main pulmonary artery or a main 
branch.29? The combination of transposition of the 
great arteries with ventricular septal defect and sub- 
valvular pulmonary stenosis poses special problems 
that may be overcome by a combination of proce- 
dures such as a hammock-like patch closure of the 
ventricular septal defect to direct left ventricular 
blood to the aorta and use of an external valved con- 
duit from the distal end of oversewn pulmonary ar- 
tery to the right ventricle.” 

Pulmonary stenosis with atrial septal defect: 
Patients with pulmonary stenosis, intact ventricular 
septum and defective atrial septum should undergo 
open repair when the diagnosis is made, since the ste- 
nosis must be severe in order for the right to left 
shunt at atrial level to be established. Commonly the 
stenosis is purely valvular (Fig. 8) and is relieved 
through a pulmonary arteriotomy by incising out to 
the pulmonary anulus along the lines of fusion. Un- 
less the right ventricular systolic pressure measured 
in the operating room after the valvotomy is still ele- 
vated to near systemic levels, it is not necessary to do 
an infundibular resection since that secondary form 
of obstruction in the outflow tract of the ventricle 
(Fig. 8) subsides spontaneously as hypertrophy re- 
gresses after an effective valvotomy.?9? Long-term re- 
sults have shown relief of obstruction without recur- 
rence.296 A murmur of pulmonary insufficiency is au- 
dible in about 25 percent of patients postoperatively, 
but the insufficiency appears of little physiologic 
consequence. 

Pure pulmonary atresia with intact ventricu- 
lar septum: This is a difficult lesion to treat.?97 It 
poses a different problem depending on whether the 
right ventricle is of adequate size or not. Sometimes 
it is considerably enlarged; at other times it is greatly 
underdeveloped. If the judgment is that the ventricle 
is too small to recieve and discharge a full comple- 
ment of systemic venous return, we believe that an 
attempt to create an opening into the pulmonary ar- 
tery has little chance of success and that a shunt pro- 
cedure should be undertaken. 

Tricuspid atresia—Fontan operation: Some 
children with tricuspid atresia?95 and patent pulmo- 
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tion!4! which in effect utilizes the hypertrophied 
right atrium as the right heart chamber, both as re-ni 
ceptacle and as pump, to send blood to the lungs, - 
where the resistance is low. This is done by closure of | 
the atrial septal defect and connection of the right — 
atrium to the main pulmonary artery through a | 
valved conduit. Signs of systemic venous congestion — 
with hepatomegaly, ascites and edema have been fre- . 
quent postoperative problems. This technique re- - 
quires more long-term, careful evaluation before it is 
generally recommended. Tri 

Ebstein's anomaly of the tricuspid valve: Cer- — 
tain patients who are severely symptomatic and have - 4 
great cardiomegaly experience symptomatic improve- - 
ment and a decrease in heart size by insertion of an | 
artificial tricuspid valve near the tricuspid anulus.?* - 
Care must be exercised to avoid damage to the con- | 
duction tissue near the coronary sinus and central fic» 
brous body. The tradeoff for this relief is the pres- - 
ence of an artificial valve with its own problems of — 
anticoagulation and possible pulmonary embolism - 
and of infection. We believe the indications for sur- — 
gery should be strong before this procedure is under- — 
taken. ag 

Partial or total anomalous systemic venous 
drainage: This is perhaps the rarest of all the condi- | 
tions discussed herein. It has been treated successful- i 
ly by interrupting the abnormal connection into the ; 
left atrium and redirecting the flow to the right side | 
of the heart.?69-?71 er 


3. Deficient Pulmonary Flow With Pulmonary b 


Hypertension at Systemic Level Ex. 
Eisenmenger syndrome. Medical measures to relieve | 
symptoms and to prolong life include phlebotomy or — 
erythropheresis for excessive polycythemia and treat- 
dren, adolescents and young adults remain remark- 
ably symptom-free for many years. 5 
I should like to pay my respects to the team of doctors | 
with whom I have been working: Drs. Kathryn Ehlers and 
diovascular Radiology; Marjorie Topkins in Anesthesiolo- - 
gy; Paul A. Ebert and William Gay in Cardiovascular Sur- 
Arthur Klein, Arthur Raptoulis and Laurel Steinherz who. 
are Fellows in Pediatric Cardiology; as well as to our kindly 
Ethel Longo, Linda Yagoda, Jeanne Macaluso and Joan- 
Ellen Macredis. RTA 
Le 


‘eit 
y 


There is no surgical treatment for patients with . 
ment of cardiac failure when that occurs. Some chil- - 
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Del Vecchio (1895) on Suture of the Heart—l 


SAUL JARCHO, MD 
New York, New York 


- The late 19th century witnessed a sudden and not 


wholly explicable burst of progress in surgery of the 
myocardium. Two of the major early contributions— 


that by Simplicio Del Vecchio (Sutura del cuare. Ri- 


forma Medica 11:38-40, 50-53, 1895) and that by 
Ludwig Rehn (Fall von penetrierender Stichver- 
letzung des rechten Ventrikels. Centralblatt für Chi- 
rurgie 22:1048-1049, 1896)—appeared in close tem- 
poral succession. 

Del Vecchio’s “Suture of the Heart” has many of 
the characteristics of a classic contribution: It is im- 
portant, it is often mentioned, few have read it and it 
deserves to be recalled to notice. Although it is brief 


by 19th century Italian standards, it is too long to fit 


readily into the present series of brief essays. Hence, 
a few of the less important passages have been omit- 
ted from this translation, and the main body of the 
text will appear in two parts. Editorial comment will 
conclude the final installment. 


Excerpts From Del Vecchio 


Wounds of the heart have been observed since the re- 
mote past. By all the physicians and surgeons from ancient 
times up to the end of the 16th century they were consid- 
ered to be constantly and rapidly fatal. In the latter period 
Ambroise Paré! published the first report of a person who 
although wounded in the heart did not die instantly and 
did not defend himself but followed his adversary for 200 
paces. The wound was large enough to admit a finger into 
the walls of the heart. Later Muler observed and described 
a wound of the right ventricle which had caused death after 
16 days. This impressed him as extraordinary and, lest any- 
one cast doubt upon it, he had it attested by two persons of 
high rank who were present at the autopsy.? With these 
and other observations, with the experiment of Sanctorius, 
who showed that cardiac puncture in the rabbit is harm- 
less, with the examples of foreign bodies found accidentally 
within the hearts of animals, facts were accumulating 
which necessarily and profoundly modified ancient opin- 
ions. The possibility that wounds of the heart might be cur- 
able began to penetrate the minds of observers. 

Sénac? no longer considered such wounds to be an inevi- 
table and immediate cause of death, and the great Morgag- 


This study was based on research assisted by Grant HL-10948 
from the National Institutes of Health. 

Address for reprints: Saul Jarcho, MD, 35 E. 85th St., New York, 
N. Y. 10028. 
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ni^ concluded inductively that their fatal consequences — E 


were due especially to compression by blood effused into ay 
the pericardium. In our century the subject was studied by — 
the most distinguished surgeons: Sanson; Dupuytren,® E: 
Jobert de Lamballe,” Jamain,® Legouest? and Otis!9 b. 
showed in their writings that the ancient ideas were wrong. . 
In 1868 Fischer!! published an important memoir and re- 45 
ported 376 wounds of the heart, 76 of which (20 percent) - 
were followed by death within the first 2 to 3 minutes. In - F 





the other cases death occurred at times which ranged be- 
tween 1 hour and 9 months. In cases of the latter type, 
modern surgeons believe on clinical and experimental — 
grounds that death is most often caused by the large — am 
amount of blood that fills the pericardium. This highly re- - E 
sistant fibroserous sac cannot expand suddenly; blood — n 
spilled within it must compress the heart, especially when . s 
the external wound does not allow the blood to escape. The - 
immediate effect of such compression is arrest of the seri- | 
ous hemorrhage, which could be rapidly fatal. In these . 
cases the surgeon will remain in doubt as to whether he | 
should intervene with a bloody operation in order to try to | 4 
save the life of the wounded patient. If he removes the E 
blood by means of puncture or by opening the pericardium 2 
widely, laying the field open, the hemorrhage might return - 4 
1 







and endanger the patient's life. On the other hand if he de- 
cides against operative intervention and, in order to moder- . 
ate the hemorrhage and favor the formation of a clot, he 
tries to slow the circulation by placing ice over the cardiac. 
area and orders absolute rest in the dorsal decubitus and . 
the administration of digitalis, death occurs because, as 
Rose says, the blood causes tamponade of the heart which — 
mechanically obstructs its activity. The wounded man thenie + 
dies with all the symptoms of asphyxia, extreme cyanosis, 
and weakness of the heart. Prof. Franck!” and his pupils 
Lagrolet!? have studied the question experimentally and - | 
have observed that the auricles quickly give way to com- - 
pression and cease to contract. Blood stops flowing into thes 
heart, the arterial pressure falls rapidly and the ventricular — $ 
wave is completely suppressed. lzi 
In such circumstances, writes König, should the pericar- - 
dium be opened? There is no doubt that this operation pro- — 
vides the most energetic means for removing the compres- — 
sion. In this respect and in every case, pericardial puncture | 
is the most harmless method. If even this procedure does - 
not prove helpful and compression by the blood reappears, : 
the question arises whether the heart should be exposed by — 
a pericardial incision which must be large and must be ac- 3 
companied by resection of the ribs, and whether the myo- — 
cardial wound should be closed by suture. — . x 
The question put by this example from the German liter- i 











DEL gaea ON CARDIAC’ SUPSDINIUAIAROAG: | 


à iro must be studied with all the rigor of modern experi- 
.. mental science. Therefore I do not discuss the a priori argu- 
E ments that can be advanced in order to dissuade us from so 
E serious an operation. Experiment and clinical experience 
E. must guide the decision to accept or reject suture of serious 
cardiac wounds which have not caused immediate death. 

p Because of the rarity of such lesions in civil life, clinical ex- 
K perience cannot contribute adequately to the solution of 
_ the controverted points in this subject. Therefore we must 
E dor the present limit ourselves to examining the results of 
o riget 

My studies, carried out in the Institute of Pathology of 
i the Hospital for Incurables, were designed to answer the 
S arne questions: 
En 1. Is cardiac suture possible and which kind is to be pre- 
dn ferred? 
_ 2. What difficulties does it cause in experimental ani- 
‘mals? 
= 3. By what technique can cardiac suture be done in 
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‘1. Is cardiac suture possible and which kind is to be 
E. referred? For suture of a tissue to attain its purpose an 
- important requirement doubtless is rest of the sutured 
ich Bart. The heart cannot satisfy this requirement; hence it 
Be - seems that suture of the myocardium might be more harm- 
ful than useful. Moreover it is necessary to consider that 
va - suture of a cavity of the organ must rapidly stop the pro- 
- fuse loss of blood and must be strong enough to stand the 
a Pe anons and energetic work of the heart. Hence I felt 
_ that speedy execution and solidity were the two essentials 
fo suture of the heart. For this purpose I used the double 









_ whipstitch i in which the returning stitch was caught by the 
p. - previous stitch and the sutures crossed over the wound. At 
HE the end of the suture the needle came out on the side oppo- 
"sa site to that into which it had been introduced at the begin- 
A ning, so that the ends of the thread could be tied together 

- easily. This type of suture gave immediately successful re- 
5 sults, because even a wound about 15 mm long in the left 
M j “yantricle closed rapidly and the heart continued to func- 
E - tion. But the animals died in 4 to 10 days because the su- 

.. tured area had become necrotic and when it was eliminated 
E the cavity of the heart opened. With this type of suture I 
-.. tried silk and catgut. The results were identical. 
he A cat operated on by means of double whipstitch died 
T: after 10 days. 'The animal had recovered rapidly from the 
: . operation. After 5 days, the sutures in the chest wall were 
A removed and the animal showed no trace of the operation 
.— that it had undergone, since it had regained all the vigor of 
pde functions. During the first 3 days it took milk as its only 
food. After this it refused milk and was put on an ordinary 
E diet. of meat and broth. Everything pointed toward com- 
t plete recovery but on the 11th day the animal suddenly 

















groaned and died without any symptom that pointed to the 
Bc of death. Autopsy showed that the left ventricle 
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was open for a distance of 10 mm because of necrosis of the 
sutured area. 

Continuing my investigation I tried interrupted sutures, 
although these are slower and less firm. Two dogs operated 
on in this way died of empyema, one after 4 days, the other 
after 5. But in the hearts of these animals I noticed that the 
wound was commencing to cicatrize. The sutures had 
begun to cut the muscle fibers, but also in these the scar 
was forming proportionately as they were being cut by the 
thread. One dog, the heart of which I am keeping, had in its 
left ventricle a lightly penetrating wound closed with three 
silk sutures and lived 17 days. This animal had seemed 
completely cured after 6 days but on the 10th day mild dy- 
spnea began, together with a slight i increase in the frequen- 
cy of the heartbeats; the voice became hoarse and later 
mute; and with these symptoms the animal died on the 
17th day. 

Autopsy showed hemorrhagic pericarditis. The apex of 
the heart was adherent to the pericardium and the chest 
wall. Cardiac insufficiency derived from these two condi- 
tions was certainly the cause of death. 

A& the Eleventh International Medical Congress, held at 
Rome in 1894, I called the attention of the illustrious scien- 
tific delegates to the possibility and usefulness of suture in 
wounds of the heart and, after having communicated the 
results of my studies and experiments, I presented a live 
dog which had undergone operation 40 days previously. In 
the heart of this animal there were two wounds, a small in- 
cised wound closed with a single silk suture, and a lacerated 
wound closed with two sutures (one of catgut, the other of 
silk;. The rapid and profuse hemorrhage and the color of 
the blood forced me to consider both to be penetrating 
wounds of the left ventricle. The functions of the heart and 
of the respiratory apparatus were normal and recovery 
could be regarded as certain, likewise in the opinion of the 
professors who examined the animal. In these conditions 
the dog, which had undergone operation on February 20, 
was killed on April 3 of the same year (1894), viz. 42 days 
later. At autopsy the apex of the heart was found to be 
strongly attached to the chest wall through a bundle of con- 
nective tissue which enclosed the sutures. Section of the 
organ showed that one of the wounds, the lacerated one, 
was a penetrating wound of the left ventricle, since corre- 
sponding to the two stitches the endocardium showed a 
smail line about 3 mm long, reddish-brown, and slightly el- 
evated, which represented the cicatrix. 

With these results it is possible to answer with respect to 
the first question, that suture of a wound of the heart, even 
a wound which penetrates into one of the chambers, is pos- 
sible; and that the use of interrupted sutures can give posi- 
tive results, since it immediately arrests the exit of blood 
and permits cicatrization of the wound before cardiac con- 
tractions and transection of the muscle fibers have loos- 
ened the sutures. 
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Acute myocardial infarct scintigraphy with technetium-99m-pyrophos- 


phate was performed in a patient with an acute massive transmural in- - a 
farct. The patient died 12 hours later, and postmortem tracer studies — 
demonstrated a tracer concentration ratio of 13:1 between acutely in- 4 


farcted myocardium and normal myocardium remote from the infarct. - 
The concentration of tracer in tissue bordering on the infarct but with- - 

out histologic evidence of acute infarction was 1.5 times that in normal - * 
tissue remote from the infarct. In vitro scintigraphy of the excised heart. : 


head = 


ins 


revealed a pattern of tracer distribution similar to that of scintiscans 
obtained before death. The biologic distribution of ?9"Tc-pyrophos- - 
phate, with large tracer concentrations only within the acutely infarct- — 
ed tissue, suggests that acute myocardial infarct scintigraphy can be 
used to estimate the extent of an acute myocardial infarct. 





The technique of direct scintigraphic imaging of acutely intésciedid 
myocardium after the injection of either technetium-99m(Sn) tetra- 
cycline or technetium-99m-pyrophosphate has recently been devel- | 
oped.^? Although the relative uptake of these tracer compounds, — 
their distribution throughout the infarct and the ability of the meth- — 
od to size acute infarcts accurately have been studied in various ani- 
mal models,?-? data in man have been restricted to correlating the 
scintigraphic images with indirect indicators of myocardial damage 
such as serial serum enzyme data, electrocardiographic criteria ane 
clinical history. 

We recently performed acute myocardial infarct scintigraphy in a 
patient with a massive infarction who died 12 hours after injection: at 
99mTc-pyrophosphate. Since necropsy was performed within hours . 
after death, we had the unique opportunity to compare myocardial — 
scintiscans performed during life with the postmortem distribution of 2 
the tracer. 


Case Report 
History and Laboratory Data 


A 57 year old woman was admitted to the coronary care unit of the Peter — 
Bent Brigham Hospital with the classic clinical findings of acute myocardial ~_ 
infarction. An admission electrocardiogram demonstrated acute anteroseptal  : 
myocardial infarction and right bundle branch block. Subsequent electrocar-  ' 
diograms revealed the characteristic evolution of acute infarction. The ad-  - 
mission creatine phosphokinase level (CPK) of 25 mU/ml rose to 125 mU/ml 
in 6 hours and to 1,750 mU/ml by 24 hours (normal range 0 to 48 mU/ml). 

On the 2nd hospital day, 10 mCi of 99™Tc-pyrophosphate was injected in- 
travenously. Scintigraphy was performed 90 minutes later in the anterior and ~ 
left anterior oblique projections using a gamma scintillation camera (Pho/ — 
Gamma HP, Searle Radiographics) and a low energy, all purpose collimator. - t. 
Three huüdred thousand counts were collected in each projection using a 20 A 
percent window peaked symmetrically over the 140 keV photopeak. Scinti- . 
graphs demonstrated a large area of increased radioactivity that involved 
most of the left ventricular wall and septum (Fig. 1). A central area of dimin- — 
ished radioactivity was interpreted as either the left ventricular cavity or de- x 





INFARCT IMAGING—HOLMAN ET AL. 


IN VIVO 





ANTERIOR 





FIGURE 1. Acute myocardial infarct scintigraphy performed 90 min- FIGURE 3. Scintigraphy of transverse sections. The apical section 
utes after injection of *?"Tc-pyrophosphate. There is increased ac- (top) shows uniform distribution of activity whereas there is reduced 
tivity throughout much of the left ventricle in both the anterior and activity along posterior wall of left ventricle in the basilar section 
left anterior oblique (LAO) views. A central region of reduced activity (bottom). A — anterior; L — left; P — posterior; R — right. 


represents the left ventricular cavity. Uptake is also noted in the 
sternum and, to a lesser extent, the ribs. 


On the 2nd hospital day and 12 hours after injection of 
IN VITRO 99m'Te-pyrophosphate, a ventricular arrhythmia and elec- 
tromechanical dissociation developed and the patient died. 


Autopsy Findings 

Gross inspection of the heart demonstrated transmural 
circumferential infarction of the apex. The infarct extend- 
ed through the entire thickness of the septum to the base of 
the left ventricle. Transmural infarction of the lateral free 
wall of the ventricle extended for three fourths of the dis- 


tance from apex to base. Histologic examination suggested 
that the infarct was 48 to 72 hours old. 


Postmortem Tracer Studies 


Myecardial scintigraphy was performed in the excised 





ANTE RIOR heart 12 hours post mortem and 24 hours after injection of 
FIGURE 2. Scintigraphy of the excised heart reveals a distribution of the radiotr acer. Images Were obtained in the anterior and 
radioactivity similar to that in Figure 1 except that the central defect left anterior oblique projections with use of the same colli- 
is not as pronounced. mator and instrument settings used with the initial in vivo 
TABLE I 


Histologic Interpretation of Excised Myocardial Sections 








Concentration of 











Tissue ??mTc-pyrophospheate Normalized* 
Sections counts/min Concentration of 
(see Fig. 4) = gram ) ?**mTc-pyrophosphate Histology 
1 5,390 1.5 Minimal focal fibrosis 
2 5,911 1.6 Minimal *ocal fibrosis 
3 42,720 11.6 (a) Healed subendocardial myocardial infarction, more than. 4 
months old; (b) acute focally transmural myocardial infarc- 
tion 2 to 3 days old, characterized by variable nuclear pyknosis 
and loss, cytoplasmic degeneration, interstitial edema, infiltra- 
tion by neutrophils and occasional hemorrhage 
4 48,561 13.1 (a) Same as 3a; (b) same as 3b 
5 52,351 14.2 (a) Same as 3a; (b) same as 3b 
6 55,151 14.9 (a) No evidence of old infarction; (b) same as 3b 
7 43,016 11.6 (a) Minimal focal fibrosis; (b) same as 3b 
8 45,420 12.3 (a) Minimal focal fibrosis; (b) same as 3b 
9 42,435 11.5 (a) Minimal focal fibrosis; (b) same as 3b 
10 45,466 12.3 (a) No evidence of old infarction; (b) same as 3b 
11 67,724 18.3 (a) Same as 3a; (b) same as 3b 
12 52,920 14.3 (a) Same as 3a; (b) same as 3b 
13+ 3,676 1.0 No specific pathologic changes 
14+ 3,715 1.0 No specific pathologic changes 











*counts/min per g 


counts/min per g in remote normal sections 
Tissue sections remote from the acute infarct. 
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procedure but obtaining 50,000 counts in the left anterior 
oblique view and 25,000 counts in the anterior view (Fig. 2). 
The heart was then sectioned transversely from apex to 
base in 1 cm sections. Two sections, one near the apex and 
the other midway between the apex and base but still with- 
in the area of infarction as defined by gross observation, 
were imaged with the scintillation camera (Fig. 3). The api- 
cal slice had uniform uptake of the radiotracer throughout 
the left ventricle. On histologic examination there was 
acute circumferential necrosis involving the left ventricle in 
this section. Scintigraphy of the basilar transverse section 
showed an area of reduced radioactivity along the posterior 
wall of the left ventricle, which corresponded to sections of 
myocardium that had no evidence of acute infarction. The 
basilar transverse section was cut into full thickness sec- 
tions, 1 to 2 cm wide, that were weighed, counted in a 
gamma well counter and fixed in formalin. 

Tracer distribution within the myocardium (counts/min 
per g) was trimodal. The highest count rates were found 
within the infarct proper (Table I, Fig. 4); count rates were 
much lower in tissue bordering the infarct but without evi- 
dence of acute infarction (sections 1 and 2). The concentra- 
tion of radioactivity found in sections 1 and 2 was 1.5 times 
that in normal myocardium taken from remote sites (sec- 
tions 13 and 14). 

The concentration of isotope in all areas of the infarct 
was substantially greater than in histologically normal tis- 
sue, ranging from 11.6 to 18.3 (mean 13.4) times that in 
normal tissue remote from the infarct and 7.6 to 12.0 times 
that in tissue adjacent to the infarct but without evidence 
of acute infarction. 


Discussion 


Although the results of initial clinical trials! have 
suggested that scintigraphic imaging of acute myo- 
cardial infarcts may be useful in determining the ex- 
tent of the infarct, the biologic distribution of the 
tracers used has not been demonstrated in man. Our 
case presented a unique opportunity to observe the 
distribution of 99m'Te.pyrophosphate in an acute 
myocardial infarct. 

The scintigraphic appearance of the in vivo and in 
vitro myocardium was similar. Thus, radiation scat- 
tering within the patient and radioactivity within 
surrounding tissues had a minimal effect on defini- 
tion of the region of increased myocardial activity. 

The distribution of radiotracer accurately reflected 
the size of the infarct. The tracer concentration was 
large throughout the infarct, ranging from 12 to 18 
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FIGURE 4. Basilar transverse section (lower scintiscan, Figure 3). E. 
Numbers correspond to tissue sections in Table |. LV = left ventricu- — 


lar cavity; RV = right ventricular cavity. 


times that in normal myocardium distant from the | 
infarct. The small increase in the concentration of — 


99m'Tc-byrophosphate in tissue bordering the infarct 








over that in normal tissues away from the infarct may - 3 j 


have been due to ischemia or small foci of infarction | 
not present in the tissue sectioned for histologic stud- 
ies. In any case, the concentration of tracer in the in- — 
farct was substantially greater than that in the bor- . 


der zones. 


Tracer uptake was increased throughout the in- 3 
farct. The central area of decreased radioactivity — . 


seen in both the in vivo and in vitro whole heartscin-  . 


tiscans must, therefore, have represented the left 


due to decreased tracer uptake in a central necrotic _ 


portion of the infarct. 


Clinical implications: The biologic distribution of 
?9mT'c-pyrophosphate in this patient, with large myo- — - 
cardial concentrations only in infarcted myocardium, _ 


is consistent with the use of acute myocardial infarct 


scintigraphy for measuring the size of recent infarcts. 
However, other problems must be overcome before 
the accuracy of this technique is established. Algo- 
rithms will have to be developed for converting the . | 


two-dimensional scintigraphic image of increased ra- 
dioactivity to a measure of mass of infarcted tissue. 


The accuracy with which radioactivity of bone can be. 
separated from radioactivity in the infarct will have ` 
to be assessed and the effect of technical factors such — 
as patient position on the reproducibility of the — 


method will also have to be determined. 


References 


. 1. Holman BL, Lesch M, Zweiman FG, et al: Detection and sizing of 


acute myocardial infarcts with ?9"Tc(Sn)tetracycline. N Engl J 
Med 291:159-163, 1974 

2. Parkey RW, Bonte FJ, Meyer SL, et al: A new method for radio- 
nuclide imaging of acute myocardial infarction in humans. Circu- 
lation 50:540—546, 1974 

3. Holman BL, Dewanjee MK, Idoine J, et al: Detection and local- 
ization of experimental myocardial infarction with 99"Tc.tetra- 
cycline. J Nucl Med 14:595—599, 1973 

4. Zweiman FG, O'Keefe A, Idoine J, et al: Selective uptake of 
99mTc-chelates and ®’Ga in acutely infarcted myocardium. J 
Nucl Med 16:975-979, 1975 

5. Cook GA, Holman BL, Westmoreland N, et al: Localization, de- 


tection and sizing of myocardial infarction with technetium-99m- 


tetracycline and electro-physiologic techniques (abstr). Am J Car- — 


diol 33:131, 1974 
6. Holman BL: Selective uptake of radiopharmaceuticals by the 
acutely infarcted myocardium. In, Cardiovascular Nuclear Medi- 


cine (Strauss HW, Pitt B, James AE Jr, ed). St. Louis, CV Mosby, 


1974, p 226-233 


7. Bonte FJ, Parkey RW, Graham KD, et al: A new method for ra- — 
dionuclide imaging of myocardial infarcts. Radiology 110:473- — 


474, 1974 


8. Fink/Bennett D, Dworkin HJ, Lee Y-H: Myocardial imaging of 


the acute infarct. Radiology 113:449, 1974 











1 


EV A 
2l 


E- 

/— JAMES L. RITCHIE, MD 

eem E. HAMMERMEISTER, MD , FACC 
_ J. WARD KENNEDY, MD, FACC 


^ $23 . Seattle, Washington 


P 
X Een. 








bet 

— .From the Division of Cardiology, Seattle Veter- 
= ans Administration Hospital, Seattle, Wash. 
EC Manuscript accepted December 19, 1974. 

EC Address for reprints: James L. Ritchie, MD, 
. . Division of Cardiology, Seattle Veterans Admin- 
-istration Hospital, 4435 Beacon Ave. South, 
E: , Seattle, Wash. Paws: AE: 


2 


Refractory Ventricular Tachycardia and Fibrillation in a 
Patient With the Prolapsing Mitral Leaflet Syndrome: 
. Successful Control With Overdrive Pacing 


A 56 year old man with the prolapsing mitral leaflet syndrome present- 
ed with syncope and recurrent ventricular tachycardia and fibrillation. 
Treatment with antiarrhythmic agents (lidocaine, procainamide and 
propranolol) was unsuccessful. Overdrive pacing, in combination with 
propranolol, successfully suppressed the arrhythmias, and the patient 
remains well after 15 months of follow-up. 


Although the prolapsing mitral leaflet syndrome (late systolic mur- 
mur-mid-systolic cliek) was first fully characterized in 1963,! three 
later series of 100 or more patients have demonstrated that it is not 
uncommon.?-* 'The occurrence of sudden death in this disorder has 
recently been emphasized.?^^9 This report describes the successful 
control of refractory ventricular tachycardia and fibrillation with 
overdrive pacing in a patient with this syndrome. 


Case Report 


The patient is a 56 year old taxi driver. A systolic murmur and a “systolic 
gallop” were noted in 1950 and related to a pectus excavatum deformity. The 
electrocardiogram revealed intermittent nodal rhythm and slight prolonga- 
tion of the Q- Tc interval. Right heart catheterization studies were normal, 
but angiocardiography was not performed. During the ensuing 13 years the 
patient remained well, but he was again referred to this hospital in May 1973 
because of an irregular pulse. Physical examination disclosed a high-pitched, 
late systolic murmur at the left lower sternal border and a moderate pectus 
excavatum. A mid-systolic click was recorded by phonocardiography but 
could not be heard (Fig. 1). Echocardiography demonstrated a normal anteri- 
or mitral leaflet at rest, during a Valsalva maneuver and after administration 
of amyl nitrite. The posterior mitral leaflet could not be recorded. 'The elec- 
trocardiogram was unchanged except for frequent multifocal premature ven- 
tricular beats. The Q-Tc interval was normal. Premature ventricular beats 
disappeared during treadmill exercise testing, but recurred with increased 
frequency in the postexercise period. Repeat exercise testing while the pa- 
tient was taking procainamide, 2 g daily, revealed a marked reduction in the 
frequency of premature beats after exercise. However, during subsequent 
clinic visits frequent ventricular premature beats were documented while the 
patient was receiving either procainamide or propranolol, up to 240 mg daily. 
In April 1974 atrial flutter-fibrillation with a rapid ventricular response de- 
veloped: electrical cardioversion was accomplished and the patient was dis- - 
charged on a regimen of quinidine, 800 mg daily. 

While driving his taxi 2 weeks later, the patient experienced syncope with- 
out warning. In a 30 minute period after prompt admission to the coronary 
care unit, he had frequent multifocal premature ventricular contractions 
with eight bouts of ventricular tachycardia progressing to ventricular fibrilla- 
tion requiring defibrillation. Intravenous administration of lidocaine (three 
100 mg bolus injections and a 4 mg/min infusion), procainamide (1 g over a 
20 minute period), propranolol (4 mg) and atropine (0.6 mg) did not signifi- 
cantly modify the pattern of arrhythmias (Fig. 2, upper and middle tracings). 
Between episodes of ventricular arrhythmia the rhythm was variably sinus or 
nodal at a rate of 70 to 80 beats/min. A pervenous semifloating pacing cathe- 
ter was then introduced at the bedside into the right atrium and fortuitously 
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FIGURE 1. Electrocardiogram (top), phonocar- 
diogram recorded at the apex (middle) and indi- 
rect carotid pulse tracing (bottom). The phono- 
cardiogram demonstrates an isolated mid-sys- 
tolic click (C) at the apex. S, = first heart 
sound; So = second heart sound. 


into the coronary sinus. Atrial pacing from the coronary 
sinus at a rate of 100 to 110/min abolished all further ar- 
rhythmias in the subsequent 24 hours (Fig. 2, lower trac- 
ing). In the ensuing 2 weeks occasional premature ventricu- 
lar beats were seen, generally when the pacing rate was 
lowered to less than 100 beats/min. When pacing was tem- 
porarily discontinued, multifocal ventricular premature 
beats, occasionally in couplets, recurred. 
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FIGURE 2. Electrocardiographic rhythm strip on admission (top), 
shows frequent ventricular premature contractions degenerating to 
ventricular tachycardia and fibrillation. Similar rhythm is seen after 
administration of lidocaine, procainamide, propranolol and atropine 
(middle). Lower tracing shows successful control of arrhythmia with 
coronary sinus overdrive pacing. MCL = midclavicular line. 





VENT RICULOGRAM 


FIGURE 3. Anteroposterior (AP) and left lateral (L LAT) biplane left 
ventriculogram. Multiple, frond-like projections are seen superior and 
lateral to the mitral valve in the anteroposterior view, and posterior 
in the left lateral view. These projections represent prolapse of the 
mitral valve, probably of the anterolateral commissural scallop of the 
posterior leaflet’ and possibly of the anterior leaflet.? 
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E _ There was no evidence for acute myocardial infarction by 
ponueeuronxrdtopes or serial lactic dehydrogenase isoen- 
. zymes. Serum quinidine level on admission was 0.2 mg/dl. 
. Cardiac catheterization disclosed normal right and left 
- heart pressures, normal coronary arteries, a normal ejection 
Ee - fraction of 66 percent and a normal contractile pattern. 
"There was systolic prolapse of the mitral valve leaflets pro- 
. ducing minimal mitral regurgitation (Fig. 3). A permanent 
. ventricular bipolar demand pacemaker was then inserted 
io . transvenously and set at 105 beats/min. This pacing rate 
E resulted in nearly complete suppression of premature 
_ beats. The patient was discharged on a regimen of propran- 
E olol, 40 mg four times daily. 
, After 15 months of follow-up to September 1975, the pa- 
Gack had experienced no further syncope. Atrial fibrillation 
. recurred and required supplemental digoxin for adequate 
. control of the ventricular response. Repeat exercise testing 
EC revealed only occasional premature ventricular beats at 
* k maximal exercise; postexertional extrasystoles were abol- 
-~ ished. Outpatient Holter monitoring for 20 hours revealed 
AA no premature beats. 
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ID Comment 


E. The incidence of sudden death in the prolapsing 
‘Ss mitral valve syndrome is unknown, but less than a 
= dozen cases have been reported. 2,6,8 Nevertheless, 
E ‘sudden death in this condition is particularly dis- 
. . turbing since it most often occurs in relatively young 
m patients without coronary artery disease or hemody- 
-  mamically significant valvular heart disease. Addi- 
P tionally, family members may be at increased risk. 

- Sudden death in young immediate relatives of pa- 

"s .. tients with this syndrome have been reported in eight 
. cases.?? 

E The origin of the arrhythmias found in up to 75 
—. percent of patients with this syndrome*? is uncer- 
— tain.’ Abnormal tension on the posterior papillary 
E muscle with subsequent transient ischemia secondary 

Sto the ballooning leaflet has been proposed as a 


[ede 
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cause.!? This theory has provided one rationale for 
the use of propranolol in treating the associated ar- 
rhythmias, namely, that reduced left ventricular con- 
tractility would decrease abnormal posterior papilla- 
ry muscle tension and ischemia.? Isolated fibrosis in 
and about the posterior papillary muscle has been 
described in one autopsy case.!! Only partial sup- 
pression of the arrhythmias has been attained with 
the administration of propranolol, procainamide, 
quinidine, digitalis or diphenylhydantoin.5? Shappell 
et al.? reported one sudden death in a patient who 
was receiving propranolol, 80 mg/day, and had pre- 
viously been successfully resuscitated from ventricu- 
lar fibrillation. The same group noted a second pa- 
tient with recurrent ventricular tachycardia and mul- 
tifocal premature ventricular beats that increased 
with propranolol (80 mg/day) but were abolished 
with quinidine. 

Quinidine toxicity as a cause of the ventricular fi- 
brillation in our patient appeared unlikely on the 
basis of the low plasma quinidine level. His arrhyth- 
mia was refractory to intravenous administration of 
procainamide, lidocaine and propranolol, but re- 
sponded dramatically to atrial pacing. Since no phar- 
macologic agent or agents have been uniformly suc- - 
cessful in treating the arrhythmias in this syndrome 
and because of the dramatic efficacy of overdrive 
pacing in this patient, permanent pacing was insti- 
tuted and has thus far been successful. Permanent 
ventricular rather than coronary sinus pacing was 
chosem because of the history of atrial fibrillation. 
The latter has recurred.since pacemaker implanta- 
tion. 

Permanent overdrive pacing should be considered 
in patients with the prolapsing mitral leaflet syn- 
drome and potentially lethal ventricular arrhythmias 
if drug therapy is ineffective, as is often the case. 
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Sudden Death in the Mitral Valve Prolapse-Click Syndrome 


ROBERT M. JERESATY 


Hartford, Connecticut 


The mitral valve prolapse-click syndrome continues 
to arouse considerable interest in view of its preva- 
lence and the features (chest pain, ST-T wave 
changes, arrhythmias and sudden death) it shares 
with coronary artery disease.-? Sudden death, a 
common manifestation of coronary artery disease, is 
fortunately uncommon in this syndrome. The report 
by Ritchie et al. in this issue of the Journal docu- 
ments a probable mechanism for sudden death in 
this syndrome, namely, ventricular tachycardia and 
fibrillation. To my knowledge only seven cases of 
sudden death, including two of mine, have previously 
been reported.!-?9-7 I now have data on five more 
cases, three through the courtesy of Drs. Jesse E. Ed- 
wards and Richard Guthrie? and the following two 
additional cases of my own (total of four cases in a 
consecutive series of 240 patients). 


Case 1: A 40 year old man died suddenly at his work 
desk on April 11, 1973. I had last seen him in 1964 for chest 
pain, palpitations, lightheadedness and attacks of presyn- 
cope. He subsequently had heart failure and was given digi- 
talis. A pansystolic murmur with late systolic accentuation 
was heard, but no click was noted. The electrocardiogram 
revealed atrial fibrillation, multiple premature ventricular 
beats, normal Q-T interval, T wave inversion in leads I, II, 
aVF, V4 to Ve and left ventricular hypertrophy. Chest 
X-ray films showed mild to moderate cardiomegaly. At car- 
diac catheterization, the left ventricular end-diastolic pres- 
sure was 14 mm Hg. Left ventriculography showed massive 
mitral valve prolapse (Fig. 21 in Ref. 3). No autopsy was 
performed. 


Case 2: A 39 year old woman was found unconscious on 
June 27, 1974 by her husband, who initiated cardiopulmo- 
nary resuscitation. In the emergency room, she was found 
to have ventricular fibrillation and, although conversion to 
normal sinus rhythm was accomplished, she died 2 days 
later of irreversible brain damage. She had been essentially 
asymptomatic according to her husband and her only med- 
ication had been Lasix,® self-administered for “fluid reten- 
tion." The serum potassium level on admission was 3 mEdq/ 
liter. Multiple systolic clicks and a grade 3/6 late systolic 
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murmur were heard and recorded in 1965. The electrocar- . 


diogram had revealed normal sinus rhythm, no premature 


ventricular beats, a normal Q-T interval and T wave inver- - 


sion in leads II, III and aVF. Chest X-ray films disclosed a 
normal heart size. Cardiac catheterization had revealed a 
left ventricular end-diastolic pressure of 8 mm Hg. Left 
cineventriculography showed mitral valve prolapse and 


mild mitral insufficiency. At autopsy both mitral leaflets — 


were redundant, hooded and myxomatous. Her two chil- 


dren, aged 16 and 14 years, respectively, had acoustically — 
“silent” mitral valve prolapse proved by echocardiogra- . 


phy.? 
Clinical features: Nine of the 12 patients who died sud- 


denly were women, thus reflecting the female preponder- | 


ance in this syndrome. Their ages ranged from 20 to 63 
years (mean 39). Only two patients had chest pain; five had 


dyspnea and six had syncopal or presyncopal episodes. - 
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Only one patient had an isolated click described as a "very - 


faint systolic click in the base."5 A late systolic murmur, 
heard in six patients, was preceded by a click in five; a pan- 


systolic murmur, heard in four, had late systolic accentua- 


tion in two. 

Electrocardiograms were available in 10 patients and 
showed ST-T wave changes in the inferior leads in 6, of 
whom 5 had similar changes in the left precordial leads; 
atrial fibrillation was noted in three, and the Q-T interval 
was prolonged in 2.16 Chest X-ray films available in eight 
patients revealed mild to moderate cardiomegaly in four. 

Of four patients who underwent cardiac catheterization 


only one was found to have an elevated end-diastolic pres- — : 
sure. Of nine whose coronary arteries were examined at au- — 


topsy, only two had coronary artery disease, and in both it 
was mild. Left ventriculography performed in seven pa- 
tients demonstrated mitral valve prolapse in all; the pro- 
lapse was massive in six of the seven. Mild to moderate mi- 
tral regurgitation was demonstrated in six. 


Autopsy examination of the mitral valve was performed 


in 10 patients and showed redundant, hooded and myxo- 
matous leaflets in all but one case in which the autopsy was 
“performed elsewhere.”' Both leaflets were involved in 
seven cases and the posterior leaflet alone in two. No myo- 
cardial abnormalities were noted except for friction lesions 
in two patients® and interstitial fibrosis in the papillary 
muscles or the inferobasilar subendocardial areas in three 
patients.°® 

From a review of these 12 cases of fatal mitral valve pro- 
lapse a composite picture of the possible candidate for 


sudden death emerges: a 40 year old woman with a history - 
of syncopal or presyncopal episodes and dyspnea who has a © 


(S 


_ late systolic murmur preceded by a click or a pansystolic 
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_ The left ventriculogram displays massive mitral valve pro- 
_ lapse with involvement of both leaflets and minimal to 
p> . moderate mitral insufficiency. 

| Treatment: Ventricular fibrillation is the probable 


|. mechanism of sudden death in this syndrome.?-? Antiar- 
i = rhythmic therapy has been advocated in the management 
- . of mitral valve prolapse associated with ventricular irrita- 
B. bility. Propranolol may be the drug of choice because, in 
m. addition to its intrinsic value as an antiarrhythmic agent, it 
& ... decreases left ventricular contractility, increases left ven- 
= tricular volume and may therefore lessen the myocardial 
|. ischemia resulting from excessive traction on the papillary 
— muscles.*:! Quinidine and Dilantin® have also been used. 
= In the case reported by Ritchie et al.4 overdrive pacing 
- A was successfully used to prevent arrhythmia in a 56 year 
~ old man who had repeated attacks of ventricular fibrilla- 
"E tion refractory to antiarrhythmic drug therapy. However, 


. E one of Edward's patients? died 1 day after her discharge 


_ from the hospital where a pacemaker had been implanted. 
‘Mitral valve replacement for prevention of life-threatening 
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arrhythmia was performed in two patients who had ven- 
tricular fibrillation!? including a patient of Dr. Paul N. Yu 
(case not yet reported). It would be almost impossible to 
document the beneficial effect of this drastic therapy on 
this rare complication of the mitral valve prolapse syn- 
drome. It should be considered only in patients with recur- 
rent episodes of ventricular tachycardia and fibrillation un- 
responsive to antiarrhythmic therapy and pacing. The risk 
of sudden death, although remote, may have to be taken 
into account in weighing surgical indications in patients 
with mitral valve prolapse and severe mitral regurgitation; 
it may tilt the balance in favor of surgéry in this difficult 
decision. e 
In evaluating the cause of sudden death, both general 
and ferensic pathologists “should maintain a high index of 
suspicion that the death may be related to the ballooning 
posterior leaflets syndrome." 7 A review of my series would 
confirm the assessment of Allen et al.!! of the benign na- 
ture of this syndrome. Their series is, unfortunately, dilut- 
ed by the inclusion of isolated late systolic murmur, a non- 
specific finding.?!! The risk of sudden death is remote in 
this syndrome and therefore should not be mentioned to 
the patient or his family for fear of inducing undue anxiety 
and neurosis. | 
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Significance of Cardiac Function in Surgical Management of 


Patients With Valvular Heart Disease 


HOOSHANG BOLOOKI, MD, FRCS(C), 
FACC* 
GERARD KAISER, MD, FACC 


Miami, Florida 


Preoperative cardiac catheterization and hemody- 
namic studies were expected to clarify two points: 
first, to confirm the clinical diagnosis and to establish 
the need for surgical intervention and, second, to in- 
dicate the extent of myocardial failure, thereby 
suggesting the immediate and late prognosis—sepa- 
rating the good hearts from the bad. Because clinical 
judgment alone could not assess the extent of myo- 
cardial reserve in all patients, hemodynamic studies 
were expected to identify patients who could not be 
recognized clinically as high operative risks. Unfortu- 
nately, in spite of a variety of available invasive and 
noninvasive study methods, differentiation of high 
and low risk patients has not been possible in all in- 
stances. The cardiac surgeon should therefore evalu- 
ate the preoperative hemodynamic studies in an at- 
tempt to solve two problems: (1) estimation of the 


immediate operative (hospital) mortality and the in-. 


herent complications of the operative procedure, and 


(2) estimation of the quality of late survival after an. 


apparently successful operation. These problems 
havé been the subject of discussion for many years 
and are particularly difficult to solve in patients with 
valvular heart disease. 

Overall cardiac performance is a function of three 
interrelated and coordinated systems: The heart (the 
pump), the peripheral vascular system (the afterload) 
and the circulating blood volume (homeostatic sys- 
tem and preload). The compensatory effects of each 
of these systems upon the failure of either of the 
other is very complex. For example, in a patient who 
has a high level of left ventricular end-diastolic pres- 
sure and a near normal cardiac output, this apparent- 
ly favorable state of cardiac function may be a result 
of low peripheral resistance with high end-diastolic 
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volume. This condition may not prevail in the period 
immediately after cardiopulmonary bypass. As a re- - 


sult, immediately after valve replacement, especially 
if the condition was that of valvular insufficiency 


(low afterload) and was corrected by a competent — 
valve (high afterload), the abnormal preoperative — 
physiology may not persist. Therefore, heart failure ` 


may ensue, not because of intraoperative technical 
circumstances but because of the unrecognized ponia 
myocardial reserve preoperatively. 


Value of Monitoring Cardiac Function Indexes in 5 


the Early Postoperative Period 
Although no single index of cardiac function would © 


in all cases predict the outcome of an operative pro- - 
cedure, it is now believed that a correlation between _ 


the clinical status of the patient and performance of 
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the heart as a muscle and as a pump is necessary to - 


justify surgical intervention and to prognosticate — 
early and late results. A few years ago, we were in- - 
trigued by the finding that indexes of myocardial | 
contractility (force-velocity relation) derived from 
the isometric indexes of left ventricular contraction 
might be independent of left ventricular preload and 
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afterload. Excellent clinical studies by Hugenholtz et - 


al.! on follow-up of children evaluated by this meth- . 
od indicated that the technique had a prognostic. 
value. These findings were later confirmed by others, . 
but soon the dependency of these indexes upon — 


changes in preload was criticized and the formula 


used to evaluate force-velocity indexes was consid- 
ered inaccurate.” As a result, we used this method of - 


study for the immediate postoperative care of pa- 


tients.? On serial and on line follow-up of velocity in- _ 
dexes during the postoperative period, we frequently E 
found changes in values with no clinical indication . 


that the patient's cardiac status had changed. In fact, 
the clinical setting, together with blood pressure, uri- 
nary output and central venous pressure determina- 


tions, always dictated therapy. If the clinical findings - 


were normal, a decrease in contractility indexes did 
not force us to institute any interventions. 


In a later study we compared the value of indexes | 


of cardiac muscle performance (force-velocity index- 
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es) with those of cardiac pump function (cardiac 
- index, end-diastolic pressure and volume). The latter 
— indexes always correlated better with the clinical set- 
- ting in the immediate postoperative period. Thus, we 


concluded that assessment of left ventricular end- 


- diastolic pressure (or pulmonary wedge pressure or 


left atrial mean pressure) with changes in cardiac, 


output would be of more value than indexes of cardi- 
ac muscle performance in the immediate postopera- 
tive care of patients. It followed that some patients 


with a high cardiac index died with hypotension and 
- without an excessive elevation of preload (left ven- 


tricular diastolic pressure) in spite of massive inotro- 


- pic intervention, as found some 10 years ago by Ras- 
 telli and Kirklin But in the majority of patients, 
clinical judgment (the patient's condition, blood 
- pressure, urinary output and central venous pres- 
- sure) led to the correct diagnosis of postoperative 
heart pump failure and the need for proper treat- 
. ment. Difficulties remained for patients whose clini- 


cal status and hemodynamic findings were at vari- 


_ function were needed. Specific to this situation were 


dag tan 


. ance. In these patients we resorted to measurement 
of cardiac output by the Swan-Ganz catheter and 
- thermodilution technique. However, in a small per- 


centage of patients cardiac output studies alone were 
inadequate, and other means of monitoring cardiac 


B 


patients who had a remarkable initial recovery from 


- cardiopulmonary bypass with acceptable hemody- 


namic status but a few hours later manifested the so- 
called low output syndrome. 
In this issue of the Journal, Appelbaum et al.5 de- 


- scribe their data on early risks of open mitral valve 
- surgery, applying the concept of assessment of cardi- 
-. ac pump function. Their surgical results are excellent 
— considering the number of their patients who were in 


_ New York Heart Association functional class IV be- 
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— fore operation. They emphasize the need for hemody- 
- namic studies in patients who immediately after op- 
-= eration have depressed cardiac performance and re- 
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— FIGURE 1. The relation between early (hospital) and late (within 2 


years after operation) death and survival and myocardial contractility 
(Vmax)!! and ejection fraction. The data were obtained from 87 pa- 
tients with aortic or mitral valve disease, or both, undergoing valve 
replacement. The solid horizontal bars indicate the mean value for 
each category of patients. The probability (p) value compares the 
data for survivors (more than 2 years) with those for patients who 


.. died early or late postoperatively. 
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quire inotropic agents. They conclude that in those 


patients whose cardiac index is less than 1 liter/min 
per m? preoperatively, the operative mortality rate is 
remarkably high in spite of apparent correction of 
the valvular lesion. Similiarly, patients with a de- 
pressed cardiac index postoperatively have the high- 
est early mortality rate. An evaluation of the early 
risks of open mitral valve surgery in these patients 
based on three important variables, functional class, 
cardiac index and pulmonary arterial oxygen pres- 
sure, disclosed a direct relation between functional 
class and cardiac index and early death. There was no 
correlation between pulmonary arterial hypertension 
and left ventricular end-diastolic pressure and early 
surgical outcome. On the basis of their findings, Ap- 
pelbaum et al. relate the early risk in these patients 
to preservation of sufficient cardiac index and the 
need to operate while the patient's functional class is 
class HI or lower. Litwak et al.’ and Najafi et al.? 
reached similar conclusions. It is obvious, however, 
that patients with a cardiac index of less than 1.4 
preoperatively most likely are in functional class III 
or IV. Therefore, it seems doubtful that cardiac index 
alone would prognosticate the outcome of the opera- 
tion better than the subjective functional classifica- 
tion. Because of this need to evaluate combined data 
it seems justified to utilize the best available method 
of postoperative hemodynamic monitoring in the 
care of the patients with a low preoperative cardiac 
index and those in functional class III or IV. Some 
surgical groups, including ours, now use elective in- 
traaortic balloon pump assist to improve operative 
survival in patients selected on the basis of preopera- 
tive cardiac function. 


Prognostic Value of Hemodynamic Indexes 


The long-term results of valvular heart surgery 
based on preoperative or immediate postoperative 
cardiac function studies have not been extensively 
evaluated. One such study? recently indicated that 
the best prognosticators of eventual outcome are the 
preoperative clinical functional class and the cardiac 
index. Other hemodynamic data showed less prog- 
nostic significance. Surprisingly, an index such as left 
ventricular end-diastolic pressure was a poor indica- 
tor of the risk of late development of cardiac failure 
and death in patients undergoing mitral valve re- 
placement. Bonchek et al.!? also showed that the pre- 
operative functional class was the best indicator of 
long-term results. Najafi et al.8 and Litwak et al.’ in- 
dicsted that conditions such as reoperation, dys- 
rhythmia and atrial fibrillation, enlarged heart and 
preeperative congestive heart failure adversely affect 
the long-term results of valvular heart disease after 
surgery. 

In an attempt to clarify a similar point, some 23 in- 
dexes of cardiac function from preoperative cardiac 
catheterization studies in a group of 87 patients were 
evaluated. These were then related to the operative 
mortality and late death rates. After exclusion of rare 
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within the postoperative period (30 days) and those 
who died in the course of 3 years of follow-up study 
were evaluated in a consecutive fashion. This group 
was composed of patients with mitral and aortic 


valve disease alone or in combination. We found that 


the prognostic value of various indexes of cardiac 
function was such that patients with more severe car- 


diac dysfunction had higher operative and late mor- 


tality rates, but the point of differentiation for vari- 
ous hemodynamic data was not clearly delineated. Of 
various measures of cardiac function, cardiac index 


and contractility indexes (Vmax)!! provided better 


differentiation than other values for operative and 
late (longer than 3 years) survival (Fig. 1). All pa- 
tients with a preoperative Vmax value of more than 
2.2 circumferences/sec survived longer than 3 years 
after the operation whereas patients with a Vmax of 
less than 2.2 had an early mortality rate of approxi- 
mately 7 percent and a late mortality rate of 20 per- 
cent. In a similar study of preoperative ejection frac- 
tion (Fig. 1) the probability of early and late death 
for patients with an ejection fraction value greater 
than 40 percent was 5 and 10 percent, respectively, as 
compared with 30 and 25 percent in patients with a 
lower ejection fraction. Surprisingly, the cutoff value 
for cardiac index was 2.4 liters/min per m?, a value 
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Conclusions AN 3 
We now believe that extensive monitoring with left 
ventricular or left atrial pressure recordings, Swan- 3 A 
Ganz catheter insertion and cardiac output measure- > 
ment is necessary only in patients who have conges- _ 
tive heart failure preoperatively, a cardiac index of — 

less than 2 liters/min per m?, an ejection fraction of — 
less than 40 percent or an apparently unsatisfactory — 
cardiac function status immediately after crop E. 
monary bypass. All other patients can be cared for | 
with hemodynamic monitoring limited to on-line ar- _ 
terial, central venous or left atrial pressure record- — 
ings, alone or in combination, together with evalua- s 
tion of pulmonary and renal function. We believe the _ 
preoperative hemodynamic measurements, especially 
the contractility indexes, are the most important  . 
prognostic indicators of late survival of surgery for - E 
valvular heart disease. We emphasize, as Appelbaum - ^f 
et al. have done, the need for careful evaluation of 
the pre- and postoperative hemodynamic data by the | 
cardiac surgical team. In this manner the patient who © 
is at high risk may be differentiated and all the avail- — 
able monitoring techniques and circulatory assist. Be 
methods used on a selective basis. ^e 
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3 p^ - San Francisco, California 
The May and June 1975 issues of the Journal con- 
R ained a two part symposium on valve replacement. ! 
DA The papers constituting the symposium were well 
_ chosen; the presentation of the subject was adequate- 
5 balanced. Few will challenge the statement of the 
. guest editor: *Valve replacement has been the most 
- important advance in the last 15 years .. . in valvular 
a heart disease." Yet one important question remains 
Dr unanswered and was hardly touched upon in the 
n symposium: Does valve replacement affect the natu- 
ral history of valvular heart disease in a positive or 
E. - negative way? 
— . This question cannot be answered by pointing to 
$ the drama of the totally disabled patient who be- 
- comes fully rehabilitated and leads an active life after 
E _ valve replacement. It can be approached only by a 
3 3 » dispassionate comparison of the natural history of 
— various valvular lesions treated medically with the ef- 
ü fecta of valve replacement as performed at various 
ES of disease. As the immediate operative risk of 
3 valve replacement becomes smaller and as the late 
= complications become less pronounced, there is a 
. great temptation to replace valves during the early 
. stages of disease, even prophylactically, in asymp- 
E tomatic patients. More and more, valve replacement 
E. is thought of as an inevitable phase in the course of 
B otvular heart disease. In reality, valve replacement 
= represents merely one of three therapeutic options, 
_ the other two being less drastic surgical therapy and 
3 — medical management. 
a __In response to the wide prevalence of the overly 
— simplistic view of valve replacement, one can propose 
3 . and successfully defend a thesis that valve replace- 
= ment affects the natural history of valvular heart dis- 
J ease negatively; that is, the operation has an overall 
. effect of shortening rather than extending life. 
A patient about to undergo elective valve replace- 
- ment gambles: The decision-making party, be it a 
-= cardiologist or cardiovascular surgeon, places on a 
hypothetical scale the estimated risk versus the bene- 
fits of the operation. Under “risk” is included not 
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4 Cardiac Valve Replacement: An Unanswered Question 


onlv the probability of surviving the operation, but 
delayed complications, late deaths, failure to im- 
prove, and the like. The obvious benefit for which the 
patient undertakes the gamble is a longer and more 
comfortable life. How solid are the data upon which 
this therapeutic equation is weighed, and how care- 
fully are the various options considered in each indi- 
vidual case? 


Life Expectancy After Valve Replacement 


It is relatively easy to estimate the risk of the oper- 
ation and its immediate sequelae. However, it is ex- 
ceecingly difficult to obtain meaningful projections 
regarding life expectancy after valve replacement. 
Paton? estimates that the 10 year survival rate (ex- 
clusive of operative mortality) of patients with the 
older ball valves and the homograft valves ranges be- 
tween 60 and 70 percent. These figures have little 
meaning in view of the frequent changes in prosthetic 
valves. Valves are being redesigned, new principles 
app ied because of deficiencies of older models. Yet it 
takes time to discover the potential hazards of artifi- 
cial valves. It took several years before the enthusi- 
asm for homograft valves was dampened by aware- 
ness of the development of late disintegration or stif- 
fening. Cloth-covered ball valves were introduced to 
reduce thrombotic complications, but in many cen- 
ters they were abandoned because of complications 
resulting from tear of the material. It has been stated 
that the most recent valve models are considered 
"best," because not enough time has elapsed to per- 
mit recognition of their faults. Other questions relat- 
ed to valve longevity also require answers; for exam- 
ple, how often can one recognize prosthetic valve de- 
tericration in time for safe replacement? How great is 
the increment of risk of the second, third or fourth 
reoperation for exchange of prosthetic valves? 

Thus, it is difficult to project the survival of pa- 
tients with prosthetic valves for more than 5 to 10 
years, and even this estimate can only be rough. In 
this light, there is only one clinical setting in which 
valve replacement clearly prolongs life, and that is 
the middle-aged or elderly patient with aortic steno- 
sis who is symptomatic and whose symptoms are re- 
latec to the valve obstruction. 
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Natural History of Mitral Stenosis 


| The actuarial curves—admittedly crude indexes— 
Ne indicate that patients with mitral stenosis in New 
York Heart Association functional class II have about 
an 80 percent probability of surviving 10 years.? Ellis 
and Harken^ have shown that patients in functional 
class III have a similar life expectancy after closed 
mitral valvotomy. But the functional classification of 
patients with mitral stenosis is difficult because of 
the many misleading features and prevailing miscon- 
ceptions. To name a few: 
- Mitral stenosis predominantly affects women and 
often produces the first disabling symptoms at the 
menopausal age. It may be difficult to distinguish 
true-cardiac symptoms from the variety of functional 
complaints related to menopause. We have repeated- 
ly encountered women with mitral stenosis whose 
careful clinical evaluation appeared to justify place- 
ment in functional class III, but whose cardiac cathe- 
terization data revealed normal dynamics and trivial 
—. — mitral stenosis. Yet in many high volume surgical 
J centers only a minority of patients undergo cardiac 
catheterization; most are referred for surgery on clin- 
ical grounds. The onset of cardiac failure in mitral 
stenosis does not necessarily mean a step down in the 
natural history: Many patients experience disabling 
symptoms as a result of reversible complications 
(atrial fibrillation, respiratory infections) and return 
to an asymptomatic state when the precipitating fac- 
tor is eliminated. 

Attacks of pulmonary edema in patients with mi- 
tral valve disease are ominous clinical emergencies 
but do not automatically call for early valve replace- 
ment. They are often brought on by dietary indiscre- 
tion or overexertion and may be easily preventable. 
The often-repeated statement that “the next attack 
may be fatal” is fallacious: It is theoretically correct, 
but the risk of another attack is far less than that of 
valve replacement. 

Systemic embolism in otherwise asymptomatic pa- 
tients with mitral stenosis is not an indication for 
valve replacement. The operation offers no definite 
protection from atrial thrombi, whereas the prosthet- 
ic valve may provide an additional source of potential 
emboli. 

Our studies have demonstrated that many pa- 
tients with mitral stenosis have a nonprogressive sta- 
ble status. Asymptomatic patients may remain so 
and live a normal span of life, and the condition of 
those with mild symptoms may remain unchanged 
for decades. Thus, the onset of symptoms does not 
necessarily mean the rapid approach of serious disa- 
bility. 

It is evident that the evaluation of patients with 
mitral stenosis, regardless of their clinical symptoms, 
requires a careful consideration of all three therapeu- 
tic options. 


Natural History of Mitral Regurgitation 


_ The natural history of chronic mitral regurgitation 
(usually rheumatic in origin) closely resembles that 
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of mitral stenosis.” As in the latter, the patient's - 
symptoms may grow progressively worse or may re- —— 
main stable for years. Complications and secondary _ 
sequelae commonly account for disability, which may — 
be temporary if the causes are reversible or respon- 
sive to medical therapy. In rheumatic mitral regurgi- — 
tation, valve replacement is usually considered the — : 
surgical treatment of choice, although in some insti- —. 
tutions excellent results have been obtained by a  — 
more conservative operation, valvuloplasty. Acute 
forms of mitral regurgitation (idiopathic rupture of 3 
chordae tendineae, postendocarditic mitralregurgita- —. 
tion, postinfarctional mitral regurgitation) may pro- T 
duce sudden severe disability. In some cases, valve 
replacement is life-saving. More often, medical treat- - 
ment may stabilize the cardiac status to a point E 
where one can carefully evaluate choices—medical . 
versus surgical therapy—as well as determine the - 
feasibility of low risk valvuloplasty.^? Suggestions - 
that patients with prolapsing mitral cusps (mid-sys- . 
tolic click, late systolic murmur) undergo valve re- 
placement are ill advised. In these subjects, mitral re- - 
gurgitation is hemodynamically trivial and, although — 
disabling symptoms such as chest pain and arrhyth- - 
mias are occasionally present, no evidence has been. 
presented that they are related to mitral valve dis- — 
ease or that mitral valve replacement will alleviate — 
them. 
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Natural History of Aortic Regurgitation 


Aortic regurgitation presents perhaps the most se- 
rious dilemma regarding the timing of valve replace- 
ment, which is the only surgical option in this lesion. 
Patients with aortic regurgitation, even of severe de- 
gree, usually remain asymptomatic for years, even - 
decades.!? The lesion is so well tolerated in young 
subjects that severe cardiac failure is rare before age - 
40 years. However, when the heart fails, irreversible - 
fibrosis of the myocardium is often present; conse- | 
quently, results of valve replacement may not lead to 
the expected improvement. A valid point can be . 
made for replacing valves early, before severe hyper- 
trophy takes place. To do so would mean operating ~ 
upon asymptomatic young subjects who have a high E 
probability of remaining in functional class I for 2 or — 
3 decades. Thus, to complete the therapeutic equa- * 
tion, early operation would require results compara- — 
ble with those of correction of some simple congenital — 
lesions, that is, a 90 to 95 percent probability of sur- 3 
viving 20 years. These results are unattainable with 
valve replacement, and may in fact never be accom- — 
plished. 


Nds 7 


^. " 


T3: Eso fo Midi e e s 


LN MCN, 
WP. 


"M 


tfe 


T 


< 
ia Tk SNL EO "AP. 


- 
~~ 


Conclusions 


Advances in valve replacement have been impres- - 
sive. However, excessive enthusiasm has swung the 
pendulum too far from center. The risk-benefit ratio - 
is sometimes derived by comparing an unrealistic ex- | 
pectation of success with the most pessimistic esti- - 
mate of the natural course. The overemphasis upon © 
valve replacement has led to neglect and declining 
craftsmanship in performance of less drastic but infi- 
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nitely safer operations. The surgical cliché “improve- phylactic use in anticipation of future problems can- 
ment of quality of life" is often used without regard not be justified by data now available. Even in symp- 

to the accomplishments of medical therapy. Valve re- tomatic patients, the decision for valve replacement 
placement must be considered in its proper perspec- should be made only after the natural history of the -- 
tive, that is, a drastic operation aimed at reduction of ^ lesion in question is carefully reviewed and the often 
disability in the immediate or near future. Its pro- _ neglected as: therapy given a fair trial. 
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PROPRANOLOL THERAPY DURING PREGNANCY AND 
LACTATION 


A letter from Drs. Levitan and Manion! concerning pro- 
 pranolol therapy during pregnancy and lactation is poten- 
tially quite important because of the lack of information on 
the excretion of propranolol in human milk. However, 
there appears to be a serious error that causes us to ques- 
tion the validity of their report. 

The authors assume the average amount of propranolol 
in the maternal blood to be 40 ug/ml and cite Coltart and 
Shand? as their reference. The authors also report up to 
60.8 ug/ml of propranolol in their patient. The amount of 
propranolol in the blood reported by Coltart and Shand, 
however, was actually 40 ng/ml, only 1/1000 of that quoted. 
We therefore doubt that Levitan and Manion's patient ac- 
tually had a propranolol level of 60.8 ug/ml. 

Since the authors' calculations for the daily amount of 
propranolol excreted in breast milk were based on a level 
1,000 times the usual, the infant's actual daily dose was 
probably only 1/1000 of that calculated, or 15 to 20 ug of 
propranolol. This is clearly a trivial dose and is probably 
the reason that the infant experienced no effects from the 
drug in breast milk. 
Philip O. Anderson, Pharm D 
Pharmacy Department 
University of California, San Diego 
San Diego, California 


Fred J. Salter, Pharm D 
Richmond, Virginia 
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REPLY 


I have reviewed the data plus the assay technique relative 
to measurement of the propanolol levels in both blood and 
breast milk. Drs. Anderson and Salter are absolutely cor- 
rect. There was an error in units in the reporting of the 
data out of the laboratory. The data should have been ex- 
pressed in nanograms per milliliter instead of micrograms 
per milliliter. I very much appreciate their having brought 
this to my attention. 

Alexander A. Levitan, MD 

Minneapolis, Minnesota 


ECHOCARDIOGRAM IN VEGETATIVE AORTIC 
BACTERIAL ENDOCARDITIS 


In Cases 2 and 3 of Martinez et al.! reference is made to 
vegetations echocardiographically demonstrated on the an- 
terior left coronary aortic cusp. Gramiak and Shah? have 
demonstrated that the anterior echo within the aortic root 
arises from the right coronary cusp. Necropsy studies 2 and 
7 days after echocardiographic examination in Cases 2 and 


3, respectively, revealed in Case 2 several right coronary 
cusp perforations and cusp eversion and in Case 3 complete 
destruction of the right coronary cusp. Vegetations were 
found on the left coronary cusp in both cases. The right 
coronary cusp was obviously involved in both cases and 
could well have produced embolization in the period be- 
tween the echocardiographic and necropsy examinations. 
Were emboli extensively searched for and found in these 
cases? It seems that the necropsy studies in this report do 
not justify labeling the anterior echo within the aortic root 
as the left coronary cusp. 

Lewis Sassé, MD, FACC 

Department of Internal Medicine 

Southern California Permanente Medical Group 

Los Angeles, California 
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REPLY 
We are well aware of the controversy concerning identifica- 


tion of the anterior echo recorded from the aortic valve and 


indicated this in our paper. In the study cited by Sassé, 
Gramiak and Shah consider the evidence to support the 
fact that the anterior echo of the aortic valve cusp origi- 
nates from the right coronary cusp. Feigenbaum! has indi- 
cated that it originates from the left coronary cusp. We cer- 


tainly respect the opinion of Gramiak and Shah. Neverthe- - 
less, the observation that a prominent echo recorded from . 


the aortic valve during life correlated with a large vegeta- 
tion on the left coronary cusp is no less meaningful and 
supports the concept of Feigenbaum that the anterior echo 
originates from the left coronary cusp. The second para- 
graph of our discussion clearly reflects our interpretation of 
our data. 

George E. Burch, MD, FACC 

Thomas D. Giles, MD, FACC 

Department of Medicine 


Tulane University School of Medicine . 


New Orleans, Louisiana 


Reference 
1. Feigenbaum H: Echocardiography. Philadelphia, Lea & Febiger, 1972, p 74 


ADDENDUM 


Weyman et al! have recently reported that the anterior 3 
echocardiographically recorded aortic leaflet is the right | 


aortic leaflet. Apparently, the controversy mentioned by 


Drs. Burch and Giles has been resolved in favor of the ante- — 


riorly recorded aortic leaflet arising from the right leaflet. 


Lewis Sassé, MD, FACC | 


Reference 


1. Weyman AE, Dillon JC, Feigenbaum H, et al: Premature pulmonic valve opening fol- 
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IEWS IN CARDIOLOGY* 


re Mirbunerdtive Program of the American College of Cardiology and the National Library of Medicine 


ANEURYSM 


Lesions of the extrarenal segment of the renal 
artery and hypertension. Mahoney AD, et al. 
Urol Clin North Am 2(2):259-84, Jun 75 (43 ref.) 


ANGIOGRAPHY 


Peripheral arteriography an overview of its origins 
and present status. Wendth AJ Jr. 
CRC Crit Rev Clin Radiol Nucl Med 6(3):369-401, 
Jul 75 (227 ref.) 


AORTOCORONARY BYPASS 


The current status of bypass grafting for coronary 
artery disease. Isom OW, et al. South Med J 
68(7):897-907, Jul 75 (63 ref.) 


ARRHYTHMIA 


Electrophysiological basis for a rational approach to 
antidysrhythmic drug therapy. Williams EM. 
Adv Drug Res 9:69-101, 1974 (90 ref.) 


ARTERIAL OCCLUSIVE DISEASES 


Peripheral arteriography an overview of its origins 
and present status. Wendth AJ Jr. 
CRC Crit Rev Clin Radiol Nucl Med 6(3):369-401, 
Jul 75 (227 ref.) 


ARTERIOSCLEROSIS 


Laboratory models for atherosclerosis. Kritchevsky 
D. Adv Drug Res 9:41-53, 1974 (71 ref.) 

Hyperlipidaemia and the pathogenesis of 
atherosclerosis. Walton KW. Adv Drug Res 9:55-67, 
1974 (28 ref.) 

The relationship of hypertension to coronary, aortic, 
and iliofemoral atherosclerosis. Dustan HP. 
Cardiovasc Clin 7(1):109-19, 1975 (49 ref.) 

The role of hemodynamics in the pathogenesis of 
atherosclerosis. Stehbens WE. 

Prog Cardiovasc Dis 18(1):89-103, Jul-Aug 75 (77 
ref.) 

Lesions of the extrarenal segment of the renal 
artery and hypertension. Mahoney AD, et al. 
Urol Clin North Am 2(2):259-84, Jun 75 (43 ref.) 


ARTERITIS 


Lesions of the extrarenal segment of the renal 
artery and hypertension. Mahoney AD, et al. 
Urol Clin North Am 2(2):259-84, Jun 75 (43 ref.) 


BLOOD VESSEL PROSTHESIS 


Dacron grafts and splenorenal bypass in the surgical 
treatment of stenosing lesions of the renal artery. 
Kaufman JJ. Urol Clin North Am 2(2):365-80, 
Jun 75 (20 ref.) 


CARDIOVASCULAR DISEASES 


| Beta-adrenergic blockade in some cardiovascular 


diseases. Tarazi RC. Cardiovasc Clin 7(1):173-85, 
1975 (79 ref.) 

Calcification of the heart and great vessels. 
Freundlich IM, et al. 
CRC Crit Rev Clin Radiol Nucl Med 6(2):171-216, 
Apr 75 (144 ref.) 


CORONARY DISEASE 


Measurement of myocardial blood flow. Parkey RW, 
et al. CRC Crit Rev Clin Radiol Nucl Med 
6(3):441-58, Jul 75 (132 ref.) 

Myocardial resistance and tolerance to ischemia: 


* Citations obtained from the National Library of Medicine's MEDLARS Retrieval Program— Bibliog- 
raphy of Medical Reviews. The first of these Bibliographies, and an ex 
the September 1971 issue (Am J Cardiol 28: 366-367, 1971). 
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physiological and biochemical basis. Bretschneider 
HJ, et al. J Cardiovasc Surg (Torino) 16(3):241-60, 
May-Jun 75 (75 ref.) 

Occupational stress and coronary heart disease: A 
review and theoretical integration. House JS. 
J Health Soc Behav 15(1):12-27, Mar 74 (54 ref.) 

Cigarette smoking, carbon monoxide, nicotine, and 
coronary disease. Aronow WS. Prev Med 4(2):95-9, 
Jur 75 (38 ref.) 

The current status of bypass grafting for coronary 
artery disease. Isom OW, et al. South Med J 
68(7):897-907, Jul 75 (63 ref.) 


ELECTROCARDIOGRAPHY 


Computer methods in electrocardiography. 
Pipberger HV, et al. Annu Rev Biophys Bioeng 
4(00):15-42, 1975 (124 ref.) 


EMBOLISM 


Lesions of the extrarenal segment of the renal 
artery and hypertension. Mahoney AD, et al. 
Urol Clin North Am 2(2):259-84, Jun 75 (43 ref.) 


HEART 


Neonatal cardiorespiratory physiology. Pang LM, et 
al. Anesthesiology 43(2):171-96, Aug 75 (162 ref.) 

The heart in hypertension. Ibrahim MM, et al. 
Cardiovasc Clin 7(1):121-33, 1975 (93 ref.) 

Myocardial resistance and tolerance to ischemia: 
physiological and biochemical basis. Bretschneider 
HJ, et al. J Cardiovasc Surg (Torino) 16(3):241-60, 
May-Jun 75 (75 ref.) 


HEART ANEURYSM 


Inventory of surgical operations for cardiac 
structural sequels of myocardial infarction. Part 
II. Schechter DC. NY State J Med 75(9):1448-57, 
Aug 75 (0 ref.) 


HEART CONDUCTION SYSTEM 


A synthetic strand of cardiac muscle: its passive 
electrical properties. Lieberman M, et al. 
J Gen Physiol 65(4):527-50, Apr 75 (64 ref.) 


HEART DISEASES 


Glucose, insulin, and potassium therapy for heart 
disease. History of GIK therapy. Kones RJ. 
NW State J Med 75(9):1463-92, Aug 75 (300 ref.) 
Technical principles of operations for complications 
of myocardial infarction. Schechter DC. 
Surg Gynecol Obstet 141(1):107-18, Jul 75 (89 ref.) 


HEART SEPTAL DEFECTS 


Evaluation of intracardiac shunts. Greenfield LD, et - 


al. CRC Crit Rev Clin Radiol Nucl Med 6(2):217-51, 
Apr 75 (77 ref.) 


HYPERTENSION 


The relationship of hypertension to coronary, aortic, 
and iliofemoral atherosclerosis. Dustan HP. 
Cardiovasc Clin 7(1):109-19, 1975 (49 ref.) 

The heart in hypertension. Ibrahim MM, et al. 
Cardiovasc Clin 7(1):121-33, 1975 (93 ref.) 

Surgical treatment and operative results of vascular 
hypertension. Heberer G. Jpn J Surg 4(2):73-95, 
Jun 74 (129 ref.) 


HYPERTENSION, RENAL 


Immunologic considerations in renovascular 
hypertension. Dornfeld L, et al. 
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Urol Clin North Am 2(2):285-300, Jun 75 (27 ref.) 

Clinical work-up for renovascular hypertension. 
Franklin SS, et al. Urol Clin North Am 2(2):301-10, 
Jun 75 (31 ref.) 

Dacron grafts and splenorenal bypass in the surgical 
treatment of stenosing lesions of the renal artery. 
Kaufman JJ. Urol Clin North Am 2(2):365-80, 
Jun 75 (20 ref.) 

Lesions of the extrarenal segment of the renal 
artery and hypertension. Mahoney AD, et al. 
Urol Clin North Am 2(2):259-84, Jun 75 (43 ref.) 

Renal autotransplantation and ex vivo renal surgery: 
surgical treatment of renovascular hypertension. 
Sacks SA. Urol Clin North Am 2(2):381-400, 

Jun 75 (81 ref.) 

New concepts of the renin system and of 
vasoconstriction-volume mechanisms. Diagnosis 
and treatment of renovascular and renal 
hypertensions. Vaughan EF Jr, et al. 

Urol Clin North Am 2(2):237-57, Jun 75 (40 ref.) 

The pathophysiology of renovascular hypertension. 
Vertes V, et al. Urol Clin North Am 2(2):227-36, 
Jun 75 (9 ref.) 


INTENSIVE CARE UNITS 


Pediatric intensive care. Downes JJ, et al. 
Anesthesiology 43(2):238-50, Aug 75 (49 ref.) 


MYOCARDIAL DEPRESSANTS 


Electrophysiological basis for a rational approach to 
antidysrhythmic drug therapy. Williams EM. 
Adv Drug Res 9:69-101, 1974 (90 ref.) 


MYOCARDIAL INFARCT 


Inventory of surgical operations for cardiac 
structural sequels of myocardial infarction. Part 
II. Schechter DC. NY State J Med 75(9):1448-57, 
Aug 75 (0 ref.) 

Technical principles of operations for complications 
of myocardial infarction. Schechter DC. 

Surg Gynecol Obstet 141(1):107-18, Jul 75 (89 ref.) 


MYOCARDIUM 


Myocardial resistance and tolerance to ischemia: 
physiological and biochemical basis. Bretschneider 
HJ, et al. J Cardiovasc Surg (Torino) 16(3):241-60, 
May-Jun 75 (75 ref.) 

A synthetic strand of cardiac muscle: its passive 
electrical properties. Lieberman M, et al. 

J Gen Physiol 65(4):527-50, Apr 75 (64 ref.) 

Insulin, andeyl cyclate, ions, and the heart. Kones 
RJ. Trans NY Acad Sci 36(8):738-74, Dec 74 (261 
ref.) 


BOOK REVIEWS 





THE PHYSIOLOGICAL BASIS OF STARLING‘S LAW OF THE 
HEART. Ciba Foundation Symposium 24 (new series). New 
York, American Elsevier, 1974, 298 pages, $16.75 


It is surprising that knowledge of the mechanism by which 
cardiac function is controlled by variations in end-diastolic 
volume (Starling’s law of the heart) is as poor as that of the 
regulatory mechanisms that operate through changes in the 
more recently discovered processes of excitation-contrac- 
tion coupling (myocardial contractility). Even though Star- 
ling’s law of the heart was set forth 60 years ago, its ante- 
cedents can be traced back to William Harvey (as set out in 
a beautiful introduction by A. Guz, who chaired this sym- 
posium), the basis for this control mechanism is at least as 
controversial as the molecular basis for the regulation of 
myocardial contractility. The many controversies regarding 
Starling’s law are clearly set forth in the present book. 

A brief but lucid introduction by B. R. Jewell sets forth 
the problem: in both skeletal and cardiac muscle, the ultra- 
structural mechanism usually invoked to explain the 
length-tension relation is not adequate. The failure of sim- 


REVIEWS IN CARDIOLOGY 


RENAL ARTERY OBSTRUCTION 


Dacron grafts and splenorenal bypass in the surgical 


treatment of stenosing lesions of the renal artery. 
Kaufman JJ. Urol Clin North Am 2(2):365-80, 
Jun 75 (20 ref.) 


SMOKING 


Cigarette smoking, carbon monoxide, nicotine, and 


coronary disease. Aronow WS. Prev Med 4(2):95-9, 
Jun 75 (38 ref.) 


TACHYCARDIA 


Treatment of tachyarrhythmias by pacing. 


Batchelder JE, et al. Arch Intern Med 
135(8):1115-24, Aug 75 (59 ref.) 


THORACIC DUCT 


The flow capacity of the thoracic duct-venous 


junction. Dumont AE. Am J Med Sci 269(3):292-301, 
May-Jun 75 (85 ref.) 


THROMBOPHLEBITIS 


The prevention of deep vein thrombosis after 


surgery. Calnan JS, et al. Br J Anaesth 47(2):151-60, 
Feb 75 (86 ref.) 


Diagnosis of deep vein thrombosis. Salzman EW. 


Thromb Diath Haemorrh 33(3):457-63, 30 Jun 75 
(19 ref.) 


THROMBOSIS 


Lesions of the extrarenal segment of the renal 


artery and hypertension. Mahoney AD, et al. 
Urol Clin North Am 2(2):259-84, Jun 75 (43 ref.) 


VASOMOTOR SYSTEM 


New concepts of the renin system and of 


vasoconstriction-volume mechanisms. Diagnosis 
and treatment of renovascular and renal 
hypertensions. Vaughan EF Jr, et al. 

Urol Clin North Am 2(2):237-57, Jun 75 (40 ref.) 


VEINS 


The flow capacity of the thoracic duct-venous 


junction. Dumont AE. Am J Med Sci 269(3):292-301, 
May-Jun 75 (85 ref.) 


ple changes in the positions of the thick and thin filaments 
to account for the Starling curve is especially important for 
the “ascending limb” of the curve, where the myocardium 
normally operates. Thus, it is now evident that the pro- 
cesses of excitation-contraction coupling not only can alter 
contractile tension, that is, myocardial contractility, but 
also can modify the shape of the length-tension curve, 
especially its ascending limb. 

An elegant study by S. G. Page on the lengths of the 
myofilaments in cardiac muscle is followed by a series of 
articles by I. Matsubara and B. M. Millman, S. Winegrad, 
R. Nassar et al. and S. R. Taylor which give different expla- 
nations for the relation between sarcomere length, the ex- 
tent of overlap between thick and thin filaments and con- 
tractile properties in both cardiac and skeletal muscle. 
Each article is followed by an extensive, often heated, in- 
terchange between the participants in the symposium. 
Questions debated include the role of sarcomere length in 
determining the intensity of excitation-contraction cou- 
pling, the extent of double overlap between thick and thin 
filaments at short sarcomere lengths, and the source of 
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BOOK REVIEWS 


resting tension and active compliance in the heart. This 
portion of the book, and especially the general discussion 
that follows, demonstrates quite clearly how far we now are 
from an explanation of Starling's law of the heart. 

'The remaining half of the book is devoted to articles on 
the heart as a pump and the length-dependence of the me- 
chanical properties of contraction in the myocardium. A 
provocative article by L. E. Ford and R. Forman shows a 
striking length-dependence of Vmax, and concludes with an 


-ingenious explanation for Starling’s law of the heart that is 


based on geometric considerations of the mechanical prop- 


— erties of the entire ventricle. 


This is an extremely valuable book, especially for the 
cardiologist who wishes to look beyond the oversimplified 
ultrastructural mechanism for Starling's law of the heart 
that has found its way into most texts. The many conflict- 
ing viewpoints discussed provide no clear answer, but the 
arguments are clearly developed and should prove to be 
provocative to the scholar who is interested in under- 
standing the newer concepts of cardiac muscle function. As 
set out lucidly in this book, these conflicts define one of the 
important frontiers for research into the causes and thera- 


- py of cardiac disease. 


Arnold M. Katz, MD, FACC 
New York, New York 


DIAGNOSTIC METHODS IN CARDIOLOGY, edited by Noble 
O. Fowler. Philadelphia, FA Davis, 1975, 468 pages, $32.00 


This timely book presents an opportunity for the physician 
to update himself on cardiovascular techniques. There are 
many excellent authors, and their writing is uniformly 
good— clear and concise, with little duplication. The vol- 
ume is excellently organized and illustrated. 

Auscultatory skills often need refreshing. After 10 years 


- of practice, how confident are most physicians about a par- 


adoxically split Sọ or a summation gallop? Four chapters 
provide an excellent phonocardiographic review with fine 
physiologic backup material. The chapters on apex cardiog- 
raphy, exercise testing and electrical pacing are very well 
done. 

An impressive array of newer diagnostic methods is also 
presented: echocardiography (as used in general and in 


— congenital heart disorders), His bundle electrocardiogra- 


phy, Doppler flowmeter studies, ambulatory monitoring of 
arrhythmias (Holter technique), radioactive tracer tech- 
niques and invasive bedside monitoring for acute myocar- 
dial infarction. Pipberger's section on computer electrocar- 
diography is lucid, especially his “second generation" con- 
cept. The chapter on coronary arteriography by Friesinger 
and Perry is well done, suited to the clinical cardiologist, 
but brief (16 pages); it could be expanded into a book. 

The organization, timing and selection of topics make 
this a fine book for all interested in cardiology. Try it. 


Charles A. Bertrand, MD, FACC 
White Plains, New York 


PRACTICAL MANAGEMENT OF HYPERTENSION, edited by ` 


Gerald L. Wolf, MD, PhD and Robert S. Eliot, MD. Mount 
Kisco, New York, Futura Publishing, 184 pages, $14.95 


In their foreword the editors state: “The charge to our ex- 
pert authors was to provide the information necessary to 
manage 9596 of the hypertensive population .... what re- 
sulted was a nitty gritty book with attention to the proper 
use of special diagnostic tests and surgery with emphasis on 
drug management." Unfortunately, their hopes fell short. 
Although the reader is given an excellent view of the scope 
of the problem with emphasis on a guide to the proper 
workup, 85 of the 184 pages are still devoted to special 
tests, the significance of hypokalemia, an explanation of 
the renin-angiotensin system, the importance of profiling 
the patient and the indications for surgery, all of which are 
of little practical significance to the treating physician. 

There is an excellent chapter on coronary risk factors, 
outlining practical methods for intervention. There is also a 
good chapter on the routines of antihypertensive therapy 
and on mechanisms of action of the various antihyperten- 
sive agents. But the reader is not given guidelines on how 
to handle the various toxic reactions of drugs or how to 
help the patient stay on therapy. Nowhere does the book 
emphasize the value of simplicity of therapy or the abso- 
lute necessity for patient compliance. In short, the book 
does not meet the need it was intended to meet. 


Frank A. Finnerty, Jr., MD, FACC 
Washington, D.C. 


CLINICAL RECOGNITION AND TREATMENT OF DIABETIC 
VASCULAR DISEASE, by John A. Colwell, MD, PhD. Spring- 
field, IIl., Charles C Thomas, 1975, 57 pages, $9.50 


In the five short chapters of this unpretentious little book 
the author uses the illustrative case approach to examine 
small vessel disease, large vessel disease, the effect of dia- 
betic control on vascular disease, coagulation disorders and 
platelet function in diabetes mellitus, and treatment of dia- 
betes mellitus. The material is covered in a pithy fashion 
that will prove a delight to the casual reader but will be of 
little value to the cognoscenti. For example, the chapter on 
large vessel disease has considerable discussion on lipopro- 
tein abnormalities and presents a case of myocardial in- 
farction in which hypoglycemia was triggered by the cardi- 
ac catastrophe. It then describes the current controversy 
concerning the use of oral agents in the therapy of diabetes 
and finally offers slightly more than one page on peripheral 
vascular disease without discussing its arteriographic eval- 
uation or surgical treatment. 

There is an excellent bibliography and the writing and il- 
lustrations are first rate. One might wish that the author, 
with his obvious ability, would write a longer and more 
complete text, but the book can be highly recommended for 
what it is—a brief introduction to the subject. 

Julius Jacobson, MD 
New York, New York 
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Calendar of Continuing Medical Education Programs 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the pro- 
grams are pertinent to direct care of pa- 
tients with heart disease. The need for such 
programs increases with the ever increasing 
amount of scientific and clinical data, the 
constant changes in technology and meth- 
odology, and the greater availability of thera- 
peutic options. Today most cardiologists, in- 
ternists and family practitioners feel the 
need of supplementing their professional 
reading by direct contact with the authors, 
research workers and leaders in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded 
by extensive consultations with the program 
directors recruited among the foremost spe- 
cialists, educators and scientists in the field 
of clinical cardiology and allied basic 
science disciplines. 

Although each program director is per- 
sonally responsible for the choice of faculty, 
and the structure of the program, the Na- 
tional Committee of Continuing Education 
assumes the overall responsibility for the 
caliber of the postgraduate education and 
the relevance to the practice of cardiology. 
This is accomplished by the processes of 
meticulous scrutiny of the objectives, analy- 
sis of the educational methods, and studying 
the impact of each course on the knowledge 


and attitudes of the participants. 

These programs should help each physi- 
cian to keep up with the new knowledge, to 
put into practice the new advances and to 
retract gracefully from the obsolete and use- 
less practices. An effective practitioner 
must learn and relearn, listen to new ideas, 


share past experiences and observe the _ 


work of his peers. The National Program 
Committee for Continuing Medical Education 
of the American College of Cardiology be- 
lieves that these goals can be accomplished 
by all members and nonmember profession- 
als participating in our continuing education 

programs. 
Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuing Education 


Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


To be Preceptorships in Cardiology. 
arranged Arthur Selzer, FACC, director. 
individ- Pacific Medical Center, San 
ually Francisco, Calif. 

FEB. Twenty-fifth Annual Scientific 


23-26 Session. Charles Fisch, FACC, 
president. Marriott Motor Hotel, 


New Orleans, La. 


MAR. 
11-13 


Cardiovascular Disease—1976: 
Practical Diagnosis and Man- 
agement. John Ross, Jr., FACC, 
Robert A. O'Rourke, FACC, 
Joel S. Karliner, FACC and Kirk 
L. Peterson, FACC, directors. La 
Costa Resort Hotel and Spa, 
Rancho La Costa, Calif. 


MAR. 
22-26 


Electrocardiographic Interpreta- 
tion of Complex Arrhythmias: A 
Physiological Approach. Charles 
Fisch, FACC and Douglas P. 
Zipes, FACC, directors. Indiana 
University Medical Center, India- 
napolis, Ind. 


New Perspectives in Exercise 
Stress Testing. Myrvin H. Ellestad, 
FACC and William H. Allen, FACC, 
directors. Center for Health Edu- 
cation, Memorial Hospital of Long 
Beach, Long Beach, Calif. 


26-27 


APR. 
5-14 


Cardiology for the Consultant: A 
Clinician's Retreat. E. Grey Di- 
mond, FACC, director and 
Arthur D. Hagan, FACC, Asso- 
ciate Program Director. Rancho 


APR. 
7-9 


APR. 
24-27 


APR. 
26-29 


APR. 
26-30 


APR. 
28-30 


Sante Fe Inn, Rancho Santa Fe, 
Calif. 


Cardiovascular Disease 1976: 
Nuclear Medicine Approaches. 
Lawrence S. Cohen, FACC, direc- 
tor and Gerald Freedman, Alexan- 
der Gottschalk and Barry L. Zaret, 
FACC, co-directors. Yale Univer- 
sity School of Medicine, New 
Haven, Conn. 


A Symposium on Cardiovascular 
Nursing. Henry J. L. Marriott, 
FACC, and Leo  Schamroth, 
FACC, director FACC, Sheraton 
Sand Key Hotel, Clearwater 
Beach, Fla. 


Current Concepts in Cardiology— 
1976. Philip R. Akre, director and 


Fernando H. Zamudio, FACC, co- 
director. Caesars Palace, Las 
Vegas, Nev. 


Consultant’s Course in Cardiolo- 
gy. Simon Dack, FACC, director 
and Richard Gorlin, FACC, Mi- 
chael V. Herman, FACC and 
Louis E. Teichholz, FACC, co- 
directors. Mount Sinai Medical 
Center, New York, N.Y. 


Basic Vectorcardiography. Alber- 
to Benchimol, FACC, director. 
Scottsdale Hilton Hotel, 
Scottsdale, Ariz. 


MAY 
6-8 


Arrhythmias: Basic and Clinical 
Considerations. Arthur Selzer, 
FACC and Keith E. Cohn, FACC, 
directors, Hyatt Hotel on Union 
Square, San Francisco, Calif. 


MAY 
10-13 


Frontiers in Cardiology. J. Willis 
Hurst, FACC, director and Robert 
C. Schlant, FACC and R. Bruce 
Logue, co-directors. Royal Coach 
Motor Hotel, Atlanta, Ga. 


Rational Drug Therapy in Cardio- 
vascular Disease—II. Robert J. 
Lee, director. The Nassau Inn, — 
Princeton, N.J. 


May 
13-15 


Dilemmas in Clinical Cardiology — 
1976. Edmund H. Sonnenblick, - 
FACC, director. Michael Lesch, 
FACC and James Scheuer, FACC, 
co-directors. New York Hilton — 
Hotel, New York, N.Y. 


MAY 
27-29 


JUNE 
8-11 


Core Curriculum in Echocardi- 
ography: New Developments in 
Cardiac Ultrasound. Arthur D. 
Hagan, FACC, director, Robert 
A. O'Rourke, FACC and Joel S. — 
Karliner, FACC, co-directors. 
Town and Country Hotel, San 
Diego, Calif. 


JUNE 
21-24 


Cardiology for the Internist. Hen- 
ry D. Mcintosh, FACC and Robert 
Luchi, FACC, co-directors, and S. 
K. Upmanyu, coordinator. Red 
Carpet Inn, North Padres Island, 
Tex. 


INSTRUCTIONS FOR AUTHORS _ 


THE WHOLE PAPER 


* Address manuscript to Managing Edi- 


_ tor, American Journal of Cardiology, 


666 Fifth Ave., New York, NY 10019. 
e Submit two copies of all elements of 


; the article: text, references, legends, ta- 
— bles and figures. 


* Arrange the paper in this order: (1) 
title page; (2) abstract; (3) text; (4) ref- 


. erences; (5) legends; (6) tables; and (7) 
. figures. 
=e Number all 


pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 


~ * Type all matter: (1) on 8% X 11 


- opaque white bond paper; (2) in dupli- 
- cate; (3) on one side of each sheet only; 
_ (4) double-space: (5) leave wide mar- 
. gins, all four sides. 


THE TITLE PAGE 


* Include first names, degrees and, 


- where applicable, FACC for all authors. 
.* Provide a short running title of 3 to 6 


words. 


. e Insert at bottom: name and address 


of institution from which work originated 
plus information about grants. 

* Add at bottom the phrase ''Address 
for reprints: .. .’’ followed by full name 


- and address with zip code. 


THE ABSTRACT 


- e Limit words as follows: 100 to 250 


words for major articles; 50 to 100 


. words for case reports. 


Add at end of abstract: list of 2 to 6 


_ key words and subjects for indexing. 
THE TEXT 


. * Type in duplicate; double-space. 


* Do not use abbreviations such as 
SVC, WPW: write out; superior vena 


. cava, Wolff-Parkinson-White. 

_« Abbreviate measurements (mm, kcal 
and the like) as recommended in the 

. Style Manual for Biological Journals, 


American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order every refer- 


. ence, figure and table. (Order of men- 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

« Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals; Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

* Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors' initials.) 


For books (edited by other than author of article): 


28, Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the trícuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 
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Even the best mousetrap needs service. 


Build a better mousetrap and 
the world will beat a path to your 
doorstep. We did. And the world did. 
But even the best mousetrap is of 
little value if it's not working. And 
even though we design and engineer 
our Holter Monitoring Systems and 
Exercise Stress Testing Systems to be 
the best in the business, we admit 
they still need servicing. 

Okay, nobody’s perfect. But we’re 
working on it to make sure your 
instruments keep working. That’s why 
. we ve spent the past 18 months 
building a direct Avionics service 
organization with 22 expertly 







staffed offices throughout the country 
— and we have 9 more service offices 
scheduled to open in 1976. If any- 
thing goes wrong, we'll have a man 
there immediately. And he'll be our 
man, not a service representative who 
works for many different companies. 
We've also extended our 
warranty on all our instruments to 
one full year and cover any 
required service travel or ship- 
ping during the first 60 days at 
no charge. We've just moved to 
new and larger facilities to back 
our service men in the field with 
more parts and stock. And we 


offer complete service and preventive 
maintenance contracts to keep your 
instruments properly calibrated with a 
minimum of downtime and an 
extended useful life. 

So when better mousetraps are 
designed, odds are Avionics will 
design and engineer them. And you 
can bet we'll service them to keep 
them that way. 


AVIONICS 


a division of Del Mar Engineering 
1601 Alton Avenue at Redhill 


Irvine, Ca 92705 
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: "healthy" 


ypertensive 


It may be years before he experiences a single symptom of | iz 
hypertension. But left untreated, even mild to moderate eleva- t W 
tions of blood pressure may quietly strip years from an other- | hi i NES 

wise healthy and active life. Early control with DIUCARDIN > B 
may help forestall damage to healthy target organs. 








DIUCARDIN provides approximately the same diuretic potency 
as hydrochlorothiazide at maximal therapeutic dosage. With 
DIUCARDIN, the onset of diuresis is gradual and may be main- 
tained for twelve hours or more with a single dose.!:2 The anti- 
hypertensive effect of DIUCARDIN is usually maintained in 
long term use. For many patients on DIUCARDIN, a convenient 
once-a-day dosage may suffice. 


DIUCARDIN provides a good beginning for many hypertensive 
patients. DIUCARDIN 50 mg. Tablets. For mild to moderate 


hypertension and adjunctive therapy for many Ayerst 


| types of edema. : 





controlled early on 


Diucardin 
hydroflumethiazide 


diuretic/antihypertensive 





"unus" TABLETS 





(See prescribing information on next page.) 





For the"healthy" hypertensive, 
early control with 


Diucardin: 
(hydroflumethiazide) 


a diuredc-antihypertensive agent 


BRIEF SUMMARY 
(For full prescribing information, see package circular.) 


ACTIONS: The primary action of the thiazide diuretics is to produce 
diuresis by increasing the renal excretion of sodium and chloride. They 
inhibit the mechanism for tubular reabsorption of sodium and chloride 
by direct action on the distal segment. At maximal therapeutic dosage 
all thiazides are approximately equal in their diuretic potency. 


The mechanism(s) of the antihypertensive action of the thiazides has 
not been elucidated. 


INDICATIONS: DIUCARDIN is indicated as adjunctive therapy in 
edema associated with congestive heart failure, hepatic cirrhosis and 
corticosteroid and estrogen therapy. 


DIUCARDIN has also been found useful in edema due to various forms 
of renal dysfunction as: nephrotic syndrome; acute glomerulone- 
phritis; and chronic renal failure. 


Diuretics are indicated in the management of hypertension either as 
the sole therapeutic agent or to enhance the effect of other 
antihypertensive drugs in the more severe forms of hypertension. 


CONTRAINDICATIONS: Anuria, oliguria. 
Hypersensitivity to DIUCARDIN or other sulfonamide derivatives. 


The routine use of diuretics in an otherwise healthy pregnant woman 
with or without mild edema is contraindicated and possibly haz- 


ardous. 


WARNINGS: Use with caution in severe renal disease since thiazides 
may precipitate azotemia. Effects due to accumulation of the drug 
may occur in patients with impaired renal function. 


Use with caution in patients with impaired hepatic function or 
progressive liver disease since minor changes of fluid and electrolyte 
balance may precipitate hepatic coma. 


Use with caution when hydroflumethiazide is administered in 
conjunction with other antihypertensive agents. Lowering of dosage 
of these agents is usually indicated. Thiazides potentiate ganglionic 
or peripheral adrenergic blocking drugs. 


Sensitivity reactions may occur in patients with a history of allergy or 
bronchial asthma. 


The possibility of exacerbation or activation of systemic lupus 
erythematosus has been reported. 


Usage in Pregnancy and During Lactation: Thiazides cross the 
placental barrier and also appear in breast milk. Consequently, they 
may cause fetal or neonatal hyperbilirubinemia, thrombocytopenia, 
altered carbohydrate metabolism and other adverse reactions. 
Therefore, the potential benefits of thiazide administration in women 
of childbearing age must be weighed against the possible hazards to the 
fetus or child. 


PRECAUTIONS: ‘Tests should be made at appropriate intervals to 
detect possible electrolyte imbalance, ;.e. hypokalemia, hypona- 
tremia, and hypochloremic alkalosis. All patients taking thiazides 
should be observed for signs and symptoms of electrolyte or fluid 
imbalance, namely dryness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains or cramps, muscular fatigue, 
hypotension, oliguria, tachycardia, and gastrointestinal disturbances 
such as nausea and vomiting. Serum and urine electrolyte 
determinations are particularly important if the patient is vomiting 
excessively or receiving parenteral fluids. 

If hypokalemia should develop. dietary potassium supplementation or 
the use of dilute potassium solutions should be tried. Small bowel 


lesions have been reported following the administration of enteric 
coated concentrated nrenaratiane af nataccinm caltc 


Dilutional hyponatremia may occur in edematous patients during hot 
weather. Water restriction rather than administration of salt is 
appropriate except in rare cases when hyponatremia is life-threaten- 
ing. In actual salt depletion, appropriate replacement should be 
given. 

Hypochloremiais generally mild and usually does not require specific 
treatment except under extraordinary circumstances, as in renal or 
liver disease. 

The possibility of development of electrolyte or fluid imbalance is 
increased by brisk diuresis, severe liver disease, or concomitant 
administration of medications such as digitalis, ACTH, and cortico- 
steroids. 


Adequate oral intake of electrolytes should be maintained to minimize 
the possibility of electrolyte imbalance. 


If a progressive increase in serum nitrogen occurs, a careful appraisal 
of the patient's condition should be made to determine whether 
diuretic therapy should be continued. 


Because of the possibility of hypokalemia developing, patients taking 
digitalis should be followed carefully since a decrease in body 
potassium may necessitate lowering digitalis dosage. 


Plasma uric acid levels may be increased and could, in susceptible 
patients, precipitate an attack of gout. 


Thiazides alter carbohydrate metabolism. Patients who have diabetes 
mellitus or are suspected of being prediabetic should be followed 
closely since hyperglycemia and glycosuria may occur. Dosage 
adjustment of antidiabetic agents is frequently indicated. 


Thiazides may decrease serum PBI without signs of thyroid distur- 
bance. 


Thiazides act to decrease the response of the peripheral arterial system 
to catecholamines and to enhance the effects of curare and its 
derivatives. Caution should be exercised in administering general 
anesthesia or curare derivatives to patients taking thiazides. 

The antihypertensive effect of thiazides may be enhanced following 
sympathectomy. 

ADVERSE REACTIONS: Gastrointestinal: anorexia, gastric irrita- 
tion, nausea, vomiting, cramping, diarrhea, constipation, acute pan- 
creatitis. 

Central Nervous System: dizziness, vertigo. headache, paresthesias, 
xanthopsia, restlessness. 

Hematologic: leukopenia, thrombocytopenia, agranulocytosis, aplas- 
tic anemia. 

Allergic: purpura. photosensitivity, rash, urticaria, necrotizing angiitis, 
exfoliative dermatitis, glomerulonephritis, intrahepatic cholestatic 
hepatitis, 

Cardiovascular: orthostatic hypotension (may be aggravated by 
alcohol, barbiturates, or narcotics). 

Musculoskeletal: muscle cramps, weakness. 


Clinical Laboratory Test Findings: electrolyte imbalance, elevation of 
serum nitrogen, elevation of plasma uric acid, hyperglycemia and 
glycosuria, decreased serum PBI levels. 

DOSAGE AND ADMINISTRATION: Usual adult dosage: 50-100 mg. 
per day. 

The dosage regimen should be individualized to obtain the maximum 
effect at the lowest dosage level. Dosage regimens using 25 mg. 
DiUCARDIN (hydroflumethiazide) may be adequate in some cases. 
Dosage should not exceec 200 mg. per day. 

HOW SUPPLIED: DiUCARDIN —No. 702—Each scored tablet 
contains 50 mg. hydroflumethiazide, in bottles of 100 and 1,000. 
References: 1. A.M.A. Drug Evaluations, ed. 2, Acton, Massachusetts, 
Publishing Sciences Group. Inc., 1973, p. 70. 2. Blagg, CR.: 
Hydroflumethiazide, a new oral diuretic, Lancet 2:311 (Sept.) 1959. 
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ZMENS-ELEMA 


ACEMAKERS 


high-technology systems from Sweden 
helping physicians strengthen 


‘the spark of life" in Europe since 
proven in over 60,000 patients... 


now available in America 


see next page 


1958 ... 


TWO OF THE HIGH-TECHNOLOGY ` 
SIEMENS-ELEMA PACEMAKERS 
NOW AVAILABLE IN AMERICA 


Variopacemaker EM 169C QRS-inhibited _ Lithium Pacemaker 187 QRS-inhibited 

ENABLES RAFID, NON-INVASIVE CHECK OF PATIENT'S LITHIUM-IODIDE POWER CELL AND ADVANCED DESIGN 

THRESHOLD VALUE. Simply place a magnet above the GIVE LONG LIFE, HIGH RELIABILITY. With an estimatec 
implanted Siemens-Elema Variopacemaker, and its impulse lifetime of over 6 years, the Siemens-Elema Lithium De: 

amplitude steps down in 16 equal intervals to zero voltage, mand pacemaker offers significant advantages to patien 


then repeats cycle. ECG readings taken simultaneously 
show where effective ventricular capture 
ceases, and permit rapid determina- 
tion of threshold value and 
safety margin. This is an 
important factor due to 

variation of threshold va 
during the first weeks af! 
implantation; it is equally? 
important toward the end o 























and physician. Battery life is extended, without impairinc 
es stimulation, by a short pulse duration. The 
_ pacemaker is highly resistant to elec: 
tromagnetic interferences, anc 
has an additional safety factoi 


d! » SPEED gf : in case of overwhelming inter- 
eU s E ee ference: the unit does not cease 
| ! A l to function, but switches tc 

| basic rate stimulation 

: P Pacemaker housing is hermetically’ 

the implantation period. $ sealed titanium; the lithium-iodide 
Well-suited for one-step "rr Kia - a »acell is also hermetically sealed foi 
implantations, the Vario- Cs =~ x, eo —, greatest reliability. Pulse 
pacemaker also enables a - | " wA amplitude decreases only 
the patient's local physi- $ 0.8V from beginning to enc 
cian to check threshold _ nu of estimatec 
value. Information may | pacemaker life 
be transmitted by di | 
telephone to central 
facilities. E 


Distributed by 


"am" aan elema-schonander, inc. 
WP Ww, 0000s 

ive VG F.U. X 
N S N J Elk Grove Village, Il. 60007 U.S.A. (312) 640-6460 


Manufactured by SIEMENS-ELEMA AB 
S517195 Solna, Sweden 


© 1975 SIEMENS-ELEMA 
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MECHANISMS OF 





-CONTRACTION OF THE 


NORMAL AND FAILING 
HEART 





so 


z f 
m 
hanis e 
mes action of th 
co ol ar 


By Eugene Braunwald, M.D., Harvard Medical 
School, John Ross, Jr., M.D., University of Cali- 
fornia, San Diego, School of Medicine, and Edmund 
H. Sonnenblick, M.D., Albert Einstein College of 
Medicine at Yeshiva University 


The new edition of this classic work on cardiac 
contraction presents comprehensive and thoroughly 
updated discussions on excitation-contraction 
coupling, muscle mechanics, myocardial energetics, 
and the biochemical basis of heart failure. New to 
this edition are chapters on ischemia, control of 
coronary blood flow, and the utilization of concepts 
of muscle mechanics in the clinical assessment of 
ventricular function. Because of the increased 
recognition of the interdependence between the 
heart and the vascular bed, descriptions of the heart 
and circulatory apparatus are fully integrated 
through a series of closely related interpedendent 
chapters. 


417 pages, illustrated. #106860, $24.50 


ORDER NOW 


Little, Brown and Company [] Check enclosed. 
Medical Division B 

34 Beacon Street 

Boston, Massachusetts 02106 — Address. 


CL) Bill me. 


Name 


Please send me copies City 
of Braunwald, Ross, & Sonnen- 
blick'S MECHANISMS OF State 1 1 Zip 
CONTRACTION OF THE 
NORMAL AND FAILING HEART, In Canada, order from J. B. Lippincott 
2nd Edition, #106860 (9 $24.50 of Canada, Ltd., 75 Horner Ave., 
on 30-day approval. Toronto, Ontario M8Z 4X7 CANADA. 


In U.S., publisher pays postage and handling if check accompanies 
order. Please add sales tax if applicable. 
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Dye & 


Thermodilution! 


"CARDIOMAX" 
CARDIAC OUTPUT COMPUTER-RECORDER-MONITOR 


TS —ÀÁÓÀÁÀ00— 
CARBIOWAL 





*COMPLETE DYE DILUTION AND THERMODILUTION SYSTEMS 

“PROTECTION AND ALARM AGAINST OPERATOR ERROR 

*ELECTRICAL PATIENT ISOLATION BY "OPTICAL LINK" 

*MONITORS BLOOD PRESSURE. INDICATOR TEMPERATURE 
AND PATIENT TEMPERATURE 

*AUTOMATIC ZERO BALANCING!!! 

*WORKS WITH ANY THERMISTOR CATHETER (SMALL VOLUME 
ROOM TEMPERATURE INDICATOR INJECTION). 

*COMPUTING ACCURACY: 1.0% 


Thermodilution Cardiac Output Computer 
"CARDIOTHERM-100"' 
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eon USES ROOM TEMPERATURE SMALL VOLUME 

J N. 

*COMPLETE ELECTRICAL SAFETY FOR THE PATIENT. 

*BATTERY OPERATED, RECHARGEABLE, LONG-LASTING BAT- 
TERY: LASTS FOR 100 CARDIAC OUTPUT MEASUREMENTS. 

*UNIVERSAL, WILL WORK WITH ANY THERMISTOR CATHETER! 

*SIMPLE MEASURING PROCEDURE. DIRECT ENTRY OF COM- 
PUTING PARAMETERS: VOLUME OF INDICATOR, BLOOD TEM- 
PERATURE, INDICATOR TEMPERATURE, IN PHYSICAL UNITS 
ON LARGE NUMERICAL DIALS. 

*DIRECT READ-OUT OF CARDIAC OUTPUT IN LITERS/MIN. IN 
NUMERICAL FORM. ONE RANGE COVERS 1 LIT/MIN. TO 20 
LIT/MIN. (CAN BE MODIFIED TO HIGHER OR LOWER VALUES BY 
CHANGING CALIBRATION PROCEDURE). 

*RECORDER OUTPUT; RECORDER AVAILABLE AS AN OPTION. 

be SIZE: HT: 7⁄2” (190mm) WTH: 113%” (290mm) DTH: 13" 

30mm). 

*EXTRAPOLATES DILUTION CURVE AVOIDING ERRORS DUE TO 
BASE LINE DRIFT AND INDICATOR RECIRCULATION. 

*PRICE: $2,700,00 


[~~ INSTRUMENTS: oe 


s" Phone: (614) 488-6176 950 N. Hague Avenue 





Columbus. Ohio 42204. USA 
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Another day lost. 





Acardiac patients anxiety 
and associated depressive symptoms 
can often delay active participation 
in rehabilitation for days or even weeks. 
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In the hospital's protective atmos- 
_-phere, the cardiac patient may have 

seemed reasonably calm and coopera- 
tive—well on his way to the kind of emo- 
tional adjustment that many patients 
manage to make after a heart attack. But 
now he’s back home, and must face the 
knowledge that life may never again be 
quite the same. Suddenly, he may be- 
come more anxious than he’s ever been 
before. More fearful about the future. 
And his steadily mounting anxiety and 
tension—often accompanied by associ- 
ated depressive symptoms—can make it 
difficult for him to attempt rehabilitation. 





In time, many such patients respond 

well to your continued support and 
counseling efforts. But when excessive 
psychic tension—with or without associ- 
ated depressive features—continues to 
impede rehabilitative progress, Valium 
(diazepam) can be extremely helpful. 
The psychotherapeutic effect of Valium 
is frequently both pronounced and 
rapid: quite often, the patient experi- 
ences significant relief of emotional dis- 
tress during the first few days of therapy 

s and is, therefore, ready that much 
sooner to take a more active part in his 
own recovery. (Some patients, of 
course, may require more time to obtain 
a clear-cut response.) 
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An important advantage in treating 
the cardiac patient: Valium (diazepam) 
is used with most classes of primary 
medications such as cardiac glycosides, 
anticoagulants, diuretics and vasodila- 
tors. Since it’s available as scored tablets, 
Valium allows you to set, adjust and re- 
adjust dosage as appropriate during ther- 
apy. And it’s often helpful to add an þ.s. 
dose to a b.1.d. or t.i.d. regimen if the 
patient’s anxiety and secondary depres- 
sive symptoms worsen at bedtime. 

In recommended doses, oral 
Valium generally does not cause signifi- 
cant adverse effects on vital signs; how- 
ever, lower initial doses (2 to 2/2 mg 
once or twice daily) should be used with 
elderly or debilitated patients to help 
avoid ataxia or oversedation. Physicians 
should be aware of the possibility of 
other side effects described in complete 
product information. 


Before prescribing, please see 
complete product information, 
a summary of which appears on 
the next page. 





® 


- diazepam) © 


2-mg, 5-mg, 10-mg scored tablets 
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3 Bout ay effective action 
- Valium acts promptly to help relieve psychic ten- 

: sion and its associated depressive symptoms in the 
E ee cardiac patient. 


.. Wide margin of safety 

~ At recommended dosages, oral Valium is generally 
. well tolerated and does not significantly affect 
respiration, pulse or heart rate. 


Before prescribing, please consult complete 
| product information, a summary of which follows: 
Indications: Tension and anxiety states; somatic 
. complaints which are concomitants of emotional fac- 
; tors; psychoneurotic states manifested by tension, anxi- 
ety, apprehension, fatigue, depressive symptoms or 
; agitation; symptomatic relief of acute agitation, tremor, 
-. delirium tremens and hallucinosis due to acute alcohol 
j withdrawal; adjunctively in skeletal muscle spasm due 
_ to reflex spasm to local pathology; spasticity caused by 
- upper motor neuron disorders; athetosis; stiff-man syn- 
- drome; convulsive disorders (tibt for inis therapy). 
E = Contraindicated: Known hypersensitivity to the 
4 drug. Children under 6 months of age. Acute narrow 
. angle glaucoma; may be used in patients with open 
E - angle glaucoma who are receiving appropriate therapy. 
f T Warnings: Not of value in psychotic patients. 
- Caution against hazardous occupations requiring com- 
. plete mental alertness. When used ad junctively in 
s convulsive disorders, possibility of increase in frequency 
and/or severity of grand mal seizures may require 
j increased dosage of standard anticonvulsant medication; 
- abrupt withdrawal may be associated with temporary 
- increase in frequency and/or severity of seizures. Advise 
- against simultaneous ingestion of alcohol and other 
— CNS depressants. Withdrawal symptoms (similar to 
-— those with barbiturates and alcohol) have occurred 
E following abrupt discontinuance (convulsions, tremor, 
l 
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abdominal and muscle cramps, vomiting and sweating). 

J Keep addiction-prone individuals under careful sur- 
veillance because of their predisposition to habituation 
and dependence. In pregnancy, lactation or women of 
childbearing age, weigh potential benefit against possi- 

- ble hazard. 

Precautions: If combined with other psycho- 

_ tropics or anticonvulsants, consider carefully pharma- 
cology of agents employed; drugs such as phenothiazines, 
- narcotics. barbiturates. MAO inhibitors and other anti- 
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For the cardiac patients 
psychoneurotic anxiety and 
associated depressive symptoms. 


Valium ( (diazepam) 


2-mg, 5-mg, l0-mg scored tablets 


Flexible dosage 

Valium, available as 2-mg, 5-mg and 10-mg scored 
tablets, allows dosage to be easily readjusted to 
suit patients’ changing needs. 


Predictable pharmacokinetically 
Pharmacokinetic studies of Valium demonstrate a 
highly predictable pattern of absorption, distribu- 
tion, metabolism and excretion. 


depressants may potentiate its action. Usual precautions 
indicated in patients severely depressed, or with latent 
depression, or with suicidal tendencies. Observe usual 
precautions in impaired renal or hepatic function. Limit 
dosage to smallest effective amount in elderly and debil- 
itated to preclude ataxia or oversedation. | 

Side Effects: Drowsiness, confusion, diplopia, 
hypotension, changes in libido, nausea, fatigue, depres- 
sion, dysarthria, jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, blurred 
vision. Paradoxical reactions such as acute hyperexcited 
states, anxiety, hallucinations, increased muscle spas- 
ticity, insomnia, rage, sleep disturbances, stimulation 
have been reported; should these occur, discontinue 
drug. Isolated reports of neutropenia, jaundice; periodic 
blood counts and liver function tests advisable during 
long-term therapy. 

Dosage: Individualize for maximum beneficial 
effect. Adults: Tension, anxiety and psychoneurotic 
states, 2 to 10 mg b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. 
or q.i.d. in first 24 hours, then 5 mg t.i.d. or q.i.d. as 
needed; adjunctively in skeletal muscle spasm, 2 to 10 
mg t.i.d. or q.i.d.; adjunctively in convulsive disorders, 2 
to 10 mg b.i.d. to q.i.d. Geriatric or debilitated patients: 
2 to 2V? mg, 1 or 2 times daily initially, increasing as 
needed and tolerated. (See Precautions.) Children: 1 to 
22 mg t.i.d. or q.i.d. initially, increasing as needed and 
tolerated (not for use under 6 months). 

Supplied: Valium®(diazepam) Tablets, 2 mg, 5 mg 
and 10 mg—bottles of 100 and 500; Tel-E-Dose® 
packages of 100, available in trays of 4 reverse-numbered 
boxes of 25, and in boxes containing 10 strips of 10; Pre- 
scription Paks of 50, available singly and in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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9 9 Contraindications: Quinaglute Dura-Tabs are contraindicated in patients 
pa ien Wl with partial A-V or complete heart block, or intraventricular conduction 





2 
defects, especially those exhibiting a marked grade of QRS widening; 











contraindicated in certain patients who have marked cardiac enlarge- 1 
: ma nee ment, particularly with congestive failure, poor renal function, and A 
especially renal tubular acidosis. ES 
dicati t 
me Ica 10n mos syncrasy to quinidine. Hypersensitivity to quinidine, although rare, 4 
should constantly be considered; especially during the first weeks of 
graphic monitoring, and possibly plasma quinidine levels, is indicated 
when large doses are used, or with patients who present an increased 
while he's slee ing 
1 Di e of 2 tablets every 8 hours, higher blood levels than necessary for main- 
tenance of normal sinus rhythm could be reached, whereas with 1 tablet 
Quinaglute" Dura-Tabs* (quinidine gluconate) be used during pregnancy. 
Adverse Reactions: The patient should be advised to report immediately 


-— 2 $9 in patients manifesting idiosyncrasy or sensitivity to quinidine (e.g. 
febrile reactions, skin eruptions, thrombocytopenia, etc.), in patients 
C ardiac arrh thmia with renal disease resulting in significant azotemia, or those developing 
cardiotoxic effects such as conduction defects; ventricular premature 
beats, ventricular tachycardia or flutter while on the drug. It may be 
Precautions: The precautions to be observed: include all those applicable j 
to quinidine. A preliminary test dose of a single tablet of quinidine 
sulfate should be administered to determine if the patient has an idio- 
e$ therapy. | 
WwW en e fie Signs of idiosyncrasy include febrile reactions, skin eruptions, throm- | 
bocytopenic purpura, and respiratory embarrassment. Extreme caution 
should be exercised in using the drug in patients with severe heart 
Í E ® disease and congestive heart failure, with digitalis intoxication, or renal | 
eas 1 e O a e || insufficiency. It should be administered cautiously, if at all, to senile | 
eoe patients. Hospitalization for close clinical observations, electrocardio- | 
risk. 
As with all quinidine preparations, the titrating of the exact quinidine 
dosage will vary with each individual patient. With the dosage regimen 
every 12 hours, the blood levels may be too low to maintain normal 
sinus rhythm. 
As with other quinidine products, Quinaglute Dura-Tabs should not 
to the physician any symptoms of cinchonism (including tinnitus, de- 
creased auditory acuity, vertigo, blurred vision, color perception dis- 
turbances, photophobia, diplopia, night blindness, scotomata, reduced 


* produces sustained serum quinidine levels, thus 


^ providing: a convenient 8 or 12 hour dosage schedule ater terda; faydritals: ape Tesplestory, die Ian). | | 
Where such symptoms develop, or if evidence of hypotension appears, 
e usuallv insures uninterrupted ther rapeutic q uinidine the drug should be discontinued. Gastrointestinal disturbances have only 
rarely been reported. |f they occur, they may be minimized by admin- 
gluconate lev els d uring sleep istering the drug with food. If they persist, dosage should be decreased. 
x J ‘ Dosage: For the prevention of premature atrial, nodal or ventricular con- 

° av oids peaks and V alley S in plasma lev els during tractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 
W hich time the arrhy thmias may recur Before prescribing or administering, please refer to QUINAGLUTE full 


product information. 
e maintains normal sinus rhy thm followi ing conv ersion 


by other techniques 
e well tolerated to enhance patient cooperation — COPS sisiatories, Inc. 
few G.I. disturbances ayne, New Jersey 07470 


inaglute Dura-lab 


(quinidine gluconate) 5 gr. (033 Gm.) 
to help maintain the sels 
all through the night 
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_. * Berman Angiographic Catheter 


Extracorporeal 
Balloon Pacing Catheter 


Extracorporeal 
Arterial Embolectomy 


Catheter 
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Extracorporeal 
Wedge Pressure Catheter 





 ANew Generation 








of Balloon Catheters 
From Extracorporeal. 


Designed specifically to meet your needs. 


Now you can have balloon catheters that were 
designed with you and your patient in mind. 
Patient safety, ease of insertion, proper 
manipulation and positioning, accurate 
pressure reportings, flexibility and quality 
construction—all were considered in 
designing our balloon catheters. The result: 

a new generation of catheters. So now, 
whatever your specialty, you can select an 
Extracorporeal Balloon Catheter to meet your 
particular requirements. 


Four new Extracorporeal catheters are 
available: Arterial Embolectomy Catheter, 
Wedge Pressure Catheter, Berman 
Angiographic Catheter, and Balloon Pacing 
Catheter. And these new generation catheters 
provide exclusive patient advantages over 
other currently available catheters: 


Tapered Tip—insures that the diameter of the 
deflated balloon cannot exceed the diameter 
of the catheter body. This allows the 
introducer to be properly matched to the 
catheter, and helps reduce blood loss to 

the patient. 


Special Tip Construction—provides the 
largest possible lumen along the entire 


catheter length, and allows a smaller French 
size to be used than is normally possible 
with other catheters. 


Wide Range of Sizes—Extracorporeal 
Balloon Catheters are offered in more sizes 
than have been previously available anywhere. 


Conveniently Packaged—each catheter is 
packaged individually in a sterile peel-pack 
with a sterile syringe of proper size. 


Also Available: The New Extracorporeal 
Stylet Pacing Catheter. Designed with a soft 
flexible catheter body and removable stylet to 
help minimize the chance of perforation and 
accidental repositioning after placement. 


For further information on Extracorporeal New 
Generation Balloon Catheters, complete and 


mail coupon today. 





extracor 


Extracorporeal Medical Specialties, Inc. 
Royal & Ross Rds.- King of Prussia. Pa 19406 US A- 215-337-2400 


© 


In Europe Write: 
Extracorporeal S.A., 253 Avenue Winston Churchill, 
B-1180 Brussels, Belgium 


1 Extracorporeal Medical Specialties, Inc. : 
I Royal and Ross Roads i 
I King of Prussia, Pa. 19406 i 
- Gentlemen: - 
I  laminterested in the new Extracorporeal Balloon Catheters. à 
[] Please have your professional representative contact me. [] Please send me additional information. : 
d Name B 
i I 
Tile... .— . Hospital Affiliation 8 

i 
| = Address City 1 
! i 
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After the “2-Step” Test, 


the Third Step in 
Angina* Therapy ls... 


NITRO-BID' 6.5 


(nitroglycerin 6.5 mg) 
Plateau CAPS® 


Comparing electrocardiographic responses to 
standard exercise following placebo or sustained- 
release nitroglycerin (NITRO-BID® [nitroglycerin] 
capsules), "...6.5 mg doses produced a favorable 
response. Such findings indicate that large doses of 
nitrate escape degradation in the liver." ' 


In another study; ...over a 4-hour period the aver- 


age work-induced ischemic area increased after 


placebo by 25 per cent, whereas over the same 


- period the average work-induced ischemic area 


decreased after peroral nitroglycerin (NITRO- 
BID? [nitroglycerin] capsules) by 41 per cent.” * 


Also available when 
titration is important 


- NITRO-BID* 2.5 
(nitroglycerin 2.5 mg) 


Plateau CAPS? 


















anemia, glaucoma, increased 
intracranial pressure, 
idiosyncrasy, hypotension. 
Precautions: For ORAL, not 
sublingual, use. If blurring of 
vision or dryness of mouth 
occurs, discontinue drug. 
Tolerance may develop on 
long-term usage. 

Adverse Reactions: Occasional 
transient headaches. Overdose 
may cause flushing, headaches, 
tachycardia, dizziness. 

Dosage: One capsule two or 
three times daily at 8 to 12-hour 
intervals. 


Based on a review of this drug 
by the National Academy of 
Sciences — National Research 
Council and/or other information, 
FDA has classified the indications 
as follows: 
Possibly effective: 
For the management, 
prophylaxis or treatment of 
anginal attacks. 
Final classification of the less- 
than-effective indications requires 
further investigation. 


Contraindications: Recent 
myocardial infarction, severe 


References: 

1. Russek HI: What constitutes adequate medical therapy for the 
patient with angina pectoris? Geriatrics 29:109-118, 1974. 

2. Wendkos MH. Meshulam N: Comparative effects of placebo and 
sustained-release nitroglycerin in anginal subjects. J Clin Pharmacol! 
13: 160-166, 1973. 


Another patient benefit product from 


For your medical library . . . 


Symposiums reprinted from 


THE AMERICAN JOURNAL OF CARDIOLOGY 


Symposium on: 


Electrophysiologic Correlates of Clinical 
Arrhythmias (1972) 


Guest Edito: Charles Fisch, M.D. 


Pre-Hospital Phase of Acute Myocardial 
Infarction (1969) 


Guest Editors: Sidney Goldstein, M.D. 
Arthur J. Moss, M.D. 


Human Heart Transplantation (1968) 


Guest Editors: Adrian Kantrowitz, M.D. 
Jordan D. Haller, M.D. 


Cardiac Tumors (1968) 
Guest Editor: John F. Goodwin, M.D. 


Coronary Care Units (1967) 


Guest Editors: Bernard Lown, M.D. 
John P. Shitlingford, M.D. 


Please tear off and mail. 
——— eee 


AJC 2/76 
THE AMERICAN JOURNAL OF CARDIOLOGY 
P. O. Box 1172 
Radio City Station 
New York, N.Y. 10019 


Send me the following symposium reprints: 


O Electrophysiologic Correlates of 


Clinical Arrhythmias ........... $8.00 
O Pre-Hospital Phase of Acute 

Myocardial Infarction........... $6.00 
o Human Heart Transplantation . . $6.00 
D Cardiac Tumors; Ae eee $6.00 
O Coronary Care Units ........... $6.00 


Enclosed is my check for $ 


Name 


Address 
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State Zi 
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From EXCERPTA MEDICA 63 2 
Artificial Heart 





Total Replacement and Partial Support 


by TETSUZO AKUTSU, Professor, Department of 
Surgery, Director, Artificial Organs Development, 
Associate Professor, Department of Physiology and 
Biophysics, University of Mississippi School of 
Medicine, Jackson, Mississippi. 


1975 viii+364 pages US $38.50/Dil. 96.00 
ISBN 90-219-2094-8 


This volume describes intracorporeal and para- 
corporeal blood pumps — i.e. total heart replace- 
ment devices or circulatory assist devices. A number 
of circulatory devices other than artificial hearts are 
described briefly. Various problems common to all 
devices and factors to be considered in connection 
with each problem are discussed. Three chapters 
are devoted to reviewing each type of device 
described to date, and much of the data in these 
chapters was obtained from research results in the 
author's laboratory. 


The volume has been warmly received by 
cardiologists, cardiac surgeons, haematologists and 
physiologists. 


Following is an abstract from a review by Denton 
A. Cooley, Texas Heart Institute: 


"Dr. Akutsu's experience in the area of artificial heart 

research is unparalleled. His book is well-organized, 

thorough, and easily read. A comprehensive review of the 

pertinent literature is an integral part of the text; the 

references are extensive. Numerous illustrations and 

photographs facilitate understanding of some of the more 
z. ^ , » £? i1. 


M ILLA9499.4 E25 Y L.1324.. thant 


European Journal of 


CARDIOLOCY 


Chief Editor: FRITS L. MEIJLER 
Associate Editors: AREND J. DUNNING, 
TOM G. LOSEKOOT and HEIN J. J. WELLENS. 





A selection of recently published papers 


Hubert V. Pipberger 
ECG Computer Analysis - gaps to be filled (editorial) 


Generoso Bevilacqua and Maria Mariani 
Clinico-pathological Correlations in a Case of Primary 
Angiosarcoma of the Pericardium 


Howard B. Burchell 
American Letter from an Editorial Advisor 


Robert H. Anderson, Anton E. Becker, Claude 
Brechenmacher, Michael J. Davies and Lino Rossi 
The Human Atrioventricular Junctional Area: 

a morphological study of the A-V node and bundle 


Ivo Amende, D. John Coltart, Hans P. Krayenbuehl and 
Wilhelm Rutishauser 

Left Ventricular Contraction and Relaxation in Patients 
with Heart Disease 


Angelo Agostoni, Antonio Lotto, Roberto Stabilini, Cesare 
Bernasconi, Giancarla Gerli, Luciano Gattinoni, Gaetano 
lapichino and Paolo Salvadé 

Hemoglobin Oxygen Affinity in Patients with Low- 
Output Heart Failure and Cardiogenic Shock after Acute 
Myocardial Infarction 


Tom J. C. Ruigrok, Francis J. A. Burgersdijk and 
Ariaen N. E. Zimmerman 
The Calcium Paradox: a reaffirmation 


Fulvio Camerini, W. Galluzi, M. Grego, S. Klugmann and 
A. Scagnol 
Congenital Aneurysm of the Left Atrium: case report and 
analysis of the literature 


J. Soler-Soler and R. Romero-González 
Calcified Intramural Fibroma of the Left Ventricle 


Henry Blackburn 
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FOR THE 4 
HONEYCOMB ~" 
IT NOW DOES FOR 
POTASSIUM CHLORIDE. 


WARREN-TEED ANNOUNCES 


(potassium chloride) 


— Potassium chloride imbedded in a wax matrix 

to provide controlled release, thus minimizing possible 
high local concentration of potassium ion near the 
bowel wall. The newest idea in potassium 

chloride supplements is as old as the beehive. 





New Kaon-CL Tabs” 


(potassium chloride) 


prolong the release of KCI fo minimize 
the likelinood of producing high localized 


concentrations of potassium within the G.I. tract... 


m protect your patient from the risk of hypoka- 
lemia or digitalis intoxication due to potassium 
depletion that diet alone cannot correct... 


m promote adherence to medication schedule 
by relieving the patient of the inconvenience 
of liquids... 


Three-way convenience 


for your patients on KCI Supplements... 


m because there's no palatability problem 
a because there's no dilution problem 


a because tablets are physically easier to 
' carry—and to take—than liquids... 
an especially welcome advantage 
away from home — encouraging adherence 


^d 
» The controlled release 
KCI Tablet that protects your 


patients on diuretics or digitalis 


m against hypokalemia due to potassium depletion 
that cannot be adequately replaced by diet alone 


m against the inconvenience of —and often 
confusion over— dilution of liquid supplements 


m from taste-fatigue associated with liquids 


Dosage: Prophylactic: 20 mEq. daily (1 tab T.I.D.) 
[herapeutic: 40-100 mEq. daily 
see following page for brief summary 


WARREN-TEED 


PHARMACEUTICALS INCORPORATED P} 
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By Richard L. Sutton, Jr., M.D. and 
Morris Waisman, M.D. 


THE PRACTITIONERS' DERMATOLOG Y is CEN 
written especially for the busy practitioner. : 
"Practical medicine, while it differs from academic 

and investigative, is eminently worthy" (Preface, | 
The Practitioners’ Dermatology)—this orientation — 
pervades every discussion of structure, function, 
etiology and treatment in the book. 
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patients with hypertension on long-term diuretic therapy, hyperal- 
dosteronism states with normal renal function, the nephrotic syn- 

-. . drome, and certain diarrheal states. 

— JContraindications: Potassium supplements are contraindicated in 

- patients with hyperkalemia since a further increase in serum potas- 
* "sium concentration in such patients can produce cardiac arrest. 
~ Hyperkalemia may complicate any of the following conditions: 
30^ ^ Chronic renal failure, systemic acidosis such as diabetic acidosis, 
+. acute dehydration, extensive tissue breakdown as in severe burns, 
~ adrenal insufficiency, or the administration of a potassium-sparing 
+=) diuretic (e.9., spironolactone, triamterene). 

"edi Wax-matrix potassium chloride preparations have produced 
.- esophageal ulceration in certain cardiac patients with esophageal 
- compression due to enlarged left atrium. Potassium supplementa- 
tion, when indicated in such patients, should be with a liquid 
VN auo: aros! "IRI : 
uu Pe. rnings: in patients with impaired mechanisms for excreting po- 
- ""assium, the administration of potassium salts can produce hyper- 
ee kalemia and cardiac arrest. This occurs most commonly in patients 








HERE’S WHAT. REVIEWERS 

ARE SAYING: 

“A notable contribution to dermatology” | 
"The first text in years that uses simple words and no 
circumlocutions and gives straightforward opinions 
and advice" 


E 







Pc 7 given. potassium by the intravenous route but may also occur in "Ideal for practitioners" Tu 
“~~~ patients given potassium orally. Potentially fatal hyperkalemia can “Will b | . 7" , 
- E is! een Antia c be enti) tall Ox The use of potassium salts ] e well received by not only practitioners and { 
"ts sin patients with chronic renal disease, or any other condition which i i ; ” l 
impairs potassium excretion, requires particularly careful monitoring medical students but by dermatologists as well 


~ of the serum potassium concentration and appropriate dosage 
adjustment. 
Kre ~- — Hypokalemia should not be treated by the concomitant adminis- 

~~. tration of potassium salts and a potassium-sparing diuretic (e.g., 
œ “spironolactone or triamterene) since the simultaneous administra- 
|, Won of these agents can produce severe hyperkalemia. 

! ic —- Potassium chloride tablets have produced stenotic and/or ulcera- 
= = tive lesions of the small bowel and deaths. These lesions are 
<- e¢aused’ by a high localized concentration of potassium ion in the 

^ "region of a rapidly dissolving tablet, which injures the bowel wall 
- and thereby produces obstruction, hemorrhage, or perforation. 

' *'"Kaon-CL Tabs (potassium chloride) is a wax-matrix tablet formu- 
~~.» fated to provide a controlled rate of release of potassium chloride 
=> -—- and thus to minimize the possibility of a high local concentration of 
=. >>. potassium ion near the bowel wall. While the reported frequency of 

~~ ~ small bowel lesions is much less with wax-matrix tablets (less than 

- one per 100,000 patient-years) than with enteric coated potassium 
_ chloride tablets (40-50 per 100,000 patient-years), a few cases asso- 
-= Ciated with wax-matrix tablets have been reported. These data are 
|. from foreign marketing experience. Kaon-CL Tabs should be discon- 

- tinued immediately and the possibility of bowel obstruction or per- 

foration: considered if severe vomiting, abdominal pain, distention, 
or gastrointestinal bleeding occurs. 

_. Hypokalemia in patients with metabolic acidosis should be treated 

with an alkalinizing potassium salt such as potassium bicarbonate, 
— potassium citrate, potassium acetate, or potassium gluconate. 

- Precautions: The diagnosis of potassium depletion is ordinarily 
- made by demonstrating hypokalemia in a patient with a clinical 
v. history suggesting some cause for potassium depletion. In inter- 
E Es - preting the serum potassium level, the physician should bear in 
at "mind that acute alkalosis per se can produce hypokalemia, in the 

< absence of a deficit in total body potassium, while acute acidosis 
- per se can increase the serum potassium concentration into the 
— "normal range even in the presence of a reduced total body potas- 
sium. The treatment of potassium depletion, particularly in the 

— presence of cardiac disease, renal disease, or acidosis, requires 
~~ careful attention to acid-base balance and appropriate monitoring 

>... of serum electrolytes, the electrocardiogram, and the clinical sta- 
| "tus of the patient. i 
= — Adverse Reactions: The most common adverse reactions to oral 
MA Bod potassium salts ere nausea, vomiting, abdominal discomfort and 
diarrhea. These symptoms are due to irritation of the gastrointesti- 
— — nal tract and are best managed by diluting the preparation further, 


Drs. Sutton and Waisman have divided the text 
into 22 chapters; the first 6 present clear, 
understandable discussions of the structure, 
physiology, etiology, diagnosis and treatment of 
the skin and its general dis- 
eases; the last 16 chapters . 
present the specific der- . 
matoses, abnormalities and e 
diseases organized by ~ 
causative factors. Over 600 
illustrations and an excellent y 
index round out this com-  .. 
prehensive book. IRR 
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M ous hyperkalemia. However, if excretory mechanisms are impaired 
< or if potassium is administered too rapidly intravenously, poten- 
~~. tially fatal hyperkalemia can result (see Contraindications and 
~~. Warnings). It is important to recognize that hyperkalemia is usually 
Mw. "asymptomatic and may be manifested only by an increased serum 
! potassium concentration and characteristic electrocardiographic 
"i po = changes (peaking of T-waves, loss of P-wave, depression of S-T 
» ..' segment, and prolongation of the QT interval). Late manifestations 
include muscle-paralysis and cardiovascular collapse from cardiac 
arrest. 
~ Dosage and Administration: Dosage must be adjusted to the indi- 
vidual needs of each patient but is typically in the range of 20 mEq. 
. per day for the prevention of hypokalemia to 40-100 mEq. per day or 
more for the treatment of potassium depletion. 
One Kaon-CL Tabs three times daily provides 20 mEq. of potas- 


Y. LH QE “taking the dose with meals, or reducing us dose: SUM ELS Us 
">> * ‘The most severe adverse effects are hyperkalemia (see Contrain- i 2 
y= dications, Warnings and Overdosage) and gastrointestinal obstruc- 666 Fifth Avenue, N.Y., N.Y. 10019 AJC2/76 . T 
EX tion, bleeding or perforation (see Warnings). | VC 
EU —..- Overdosage: The administration of oral potassium salts to persons 
JEN --. with normal excretory mechanisms for potassium rarely causes seri- Please send me copies of THE PRACTITION- s 

1 32 





ERS' DERMATOLOGY. The price is $30.00. 


[] Payment enclosed (Publisher absorbs handling 
charge)* 


[] Bill me. Add $1.00 for handling charge.* 


Name 














sium chloride. Two Kaon-CL Tabs three times daily provides 40 Address | 
mEq. of potassium chloride. — a ' E. N iUm l } Ta 
Caution: Federal | iw prohibits dispensing without prescription. City = VD paneer Zip 
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INDICATIONS: For the prophylaxis and 
long-term treatment of patients with fre- 
quent or recurrent anginal pain and re- 
duced exercise tolerance associated with 
angina pectoris, rather than for the treat- 
ment of the acute attack of angina pec 
toris, since its onset of action is somewhat 
slower than that cf nitroglycerin 
PRECAUTIONS: As with other effective 
nitrates, some fall in blood pressure may 
occur with large doses. 

Caution should be observed in admin 
istering the drug to patients with a history 
of recent cerebra! hemorrhage, because 
of the vasodilatation which occurs in the 
area. Although therapy permits more 
normal activity, the patient should not be 
allowed to misinterpret freedom from 
anginal attacks as a signal to drop all 
restrictions. 

SIDE EFFECTS: No serious side effects 
have been reported. In sublingual therapy 
a tingling sensation (like that of nitro- 
glycerin) may sometimes be noted at 

the point of tablet contact with the mucous 
membrane. If objectionable. this may be 
mitigated by placing the tablet in the 
buccal pouch. As with nitroglycerin or 
other effective nitrites, temporary vascular 
headache may occur during the first few 
days of therapy. This can be controlled by 
temporary dosage reduction in order to 
allow adjustment of the cerebral hemo- 
Gynamics to the initial marked cerebral 
vasodilatation. These headaches usually 


- disappear within one week of continuous 


therapy but may be minimized by the 
administration of analgesics. 

Mild gastrointestinal disturbances occur 
occasionally with larger doses and may 
be controlled bv reducing the dose tem- 
porarily. 

SUPPLIED: 10 mg chewable tablets. bot- 
tle of 100. Also 5, 10 and 15 mg scored 
tablets in bottles of 100. 10 mg scored 
tablets also supplied in bottle of 1,000. 

Also available: Cardilate* P brand 
Erythrityl Tetranitrate with Phenobarbital* 
(*Warning: may be habit-forming). 

1. Russek Hl: AM J M Sc 239:478, 1960 
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angina patient’ 
isnt having 3 out of 4 
better days than usual... 


try Cardilate 


ERYTHRITYL TETRANITRATE) 


*Please note: unstable angina patients may be refractory to all long-acting nitrates 





“Pain days’ significantly re- 
duced with Cardilate' (eryth- 
rity! tetranitrate) in 48-patient 
study.' Patients on placebo ex- 
perienced same pain as usual 
or increased pain 2 days out of 
3...compared to 1 day out of 4 
while on Cardilate. 





Effective prophylaxis against 
attacks; increases exercise tol- 
erance. Serious side effects 
have not been reported in 20 


Rapid-acting chewable tablets 
(10mg) preferred by many pa- 
tients. Should be given before 
anticipated periods of stress to 
produce an action within 5 
minutes and lasting up to 2 
hours. Sublingual tablets also 
available. 


Cardilate can save patients 
money; is less expensive than 
many popular long-acting ni- 
trates. 2076 to 3076 savings not 
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~_ In congestive heart 


. failure... 


aldosteronism promotes 


edema. ‘The hyperaldosteronism 
present in the majority of patients with 
congestive heart failure...explains the low 
sodium excretion in urine, sweat, and saliva. 
Ultimately, of course, this retention of salt 
and water leads to edema.” 


Aldactone (spironolactone) 
combats aldosteronism... 
promotes diuresis. 


“By administering spironolactone [Aldactone] 
over, say, three or four weeks, one may 
actually induce a greater sodium and water 
loss than with more powerful natriuretic 
agents. ....* 


Effective diuresis in 


edema of congestive heart failure 


Aldactone «cose... 


W Produces gradual, positive, sustained diuresis, usually without 
causing acute volume depletion, and without rebound fluid retention. 


lil Helps prevent potassium loss which may contribute to 
arrhythmias and digitalis toxicity. 


' See next page for brief summary of prescribina information. 
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- |n congestive heart failure 


Aldactone 


(spironolactone) ss tabiets 


ill Often sufficient alone. 


lil May also be given daily along with — 
a thiazide, furosemide or ethacrynic acid. 


Indications — Essential hypertension; edema of congestive heart failure, 
cirrhosis of the liver, the nephrotic syndrome and idiopathic edema. Some 


. patients with malignant effusions may benefit from Aldactone (spironolac- 


tone), particularly when given with a thiazide diuretic. 

Contraindications — Acute renal insufficiency, rapidly progressing im- 
poirment of renal function, anuria and hyperkalemia. 

Warnings— Potassium supplementation may cause hyperkalemia and is 
not indicated unless a glucocorticoid is also given. Discontinue potassium 
supplementation if hyperkalemia develops. Usage of any drug in women 
of childbearing age requires that the potential benefits of the drug be 
weighed against its possible hazards to the mother and fetus. 

Precautions— Potients should be checked carefully since electrolyte 


- 4mbalance may occur. Although usually insignificant, hyperkalemia may be 


serious when renal impairment exists; deaths have occurred. Hyponatremia, 
manifested by dryness of the mouth, thirst, lethargy and drowsiness, 
together with a low serum sodium may be caused or aggravated, espe- 
cially when Aldactone is combined with other diuretics. Elevation of BUN 
may occur, especially with preexisting renal impairment. Mild acidosis may 
occur. Reduce the dosage of other antihypertensive drugs, particularly the 
ganglionic blocking agents, by at least 50 percent when adding Aldactone 
since it potentiates their action. The physician should be alert to 
the possible onset of gynecomastia. 

Adverse Reactions— Drowsiness, lethargy, headache, diarrhea and other 
gastrointestinal symptoms, maculopapular or erythematous cutaneous 
eruptions, urticaria, mental confusion, drug fever, ataxia, gynecomastia, 
inability to achieve or maintain erection, androgenic effects, including 
hirsutism, irregular menses and deepening voice. Adverse reactions are 
usually reversible. In rare instances gynecomastia may persist. 

Dosage and Administration—For essential hypertension in adults the 
initial daily dosage is 50 to 100 mg. in divided doses. Aldactone may be 
combined with a thiazide diuretic if necessary. Continue treatment for two 
weeks or longer since the maximal response may not occur sooner. Adjust 
subsequent dosage according to response of patient. 

For edema in adults initial daily dosage is 100 mg. in divided doses. 
Continue medication for at least five days to determine diuretic response; 
add a thiazide or organic mercurial if adequate diuretic response has not 
occurred. Aldactone dosage should not be changed when other therapy 
is added. A daily dosage of Aldactone considerably greater than 75 mg. 
may be given if necessary. 

A glucocorticoid, such as 15 to 20 mg. of prednisone daily, may be desir- 


~~ able for patients with extremely resistant edema which does not respond 


adequately to Aldactone and a conventional diuretic. Observe the usual 


- precautions applicable to glucocorticoid therapy; supplemental potassium 


will offen be necessary. Such patients frequently have an associated 
hyponatremia—restriction of fluid intake to 1 liter per day or administra- 


tion of mannitol or urea may be required (these measures are contro- 
— indicated in patients with uremia or severely impaired renal function). 


Mannitol is contraindicated in patients with congestive heart failure, and 
urea is contraindicated with a history or signs of hepatic coma unless 
the patient is receiving antibiotics orally to “sterilize” the gastrointestinal 
tract. 

Glucocorticoids should usually be given first to patients with nephrosis 
since Aldactone, although useful for diuresis, will not directly affect the 
basic pathologic process. 

For children the daily dosage should provide 1.5 mg. of Aldactone per 
pound of body weight. 

References: 

1. Genest, J., and Nawar, T.: Clinician: Congestive Heart Failure, Medcom" 
Learning Systems, New York, Medical Communications, Inc., 1972, pp. 42-49. 
2. Laragh, J. H.: Hosp. Pract. 5:43-50 (Nov:) 1970. 
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San Juan, Puerto Rico 00936 
Address medical inquiries to: 
G. D. Searle & Co., Medical Department 
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LARAGH’S 
HYPERTENSION 


MANUAL 


Edited by John Laragh,M.D.—A classic treatise 
for understanding, diagnosing and treating 
Hypertension. Published in February, 1974, 

it's already a standard reference work. 
—970 pages, 150 illustrations— 
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tension Manual: Mechanisms, Methods and Management. | 


| Price. 937.00* each. (Foreign, add $2.00 forsurface shipment; $4.00 
| for air shipment) 


lo Full payment enclosed. O Bill Me. Add © Intern, Resident, Student 
| $1.00 for handling (Special Price $35.00) 
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rane? Yeal, Cal GIO 
-throughout the world specify the 
Ekoline 20" more often than all 
other ultrasonoscopes combined. 
And in 9 out of 10 published 
echocardiographic studies, the 
Ekoline 20 is the instru ment used. 


O achieve and maintain such If you would like to k 
clear-cut leadership, SKI provides more about the Ekoline 2 
superior instrumentation and or write Smith Kline Instr 
unsurpassed product support, Inc., Dept. U, 880 W. Mau 


including a clinically trained sales Sunnyvale, Ca 
staff, a top technical staff, and SI (408) 732-600 


worldwide service centers. A Subsidiary of SmithK]i 


Number One 
for ten straight years. 
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Announcing 


Senokot $ 


(standardized senna concentrate T bi is 
K and dioctyl sodium sulfosuccinate) Q e 


and hard dry 
stools 








N 


\\ a unique natural laxative 
plus 
i a Classic stool softener 


Provides a unique natural laxative — standardized senna concentrate... virtually colon-specific 
...effectiveness documented in numerous published studies comprising thousands of patients. . 


Provides a classic stool softener—DSS...complementing the laxative action by softening the 
stool for smoother and easier passage. 


Comfortable, predictable evacuation...a bedtime dose of SENOKOT S Tablets usually induces 
comfortable evacuation the next morning, allowing uninterrupted sleep. SENOKOT S Tablets aid 
in rehabilitation of the constipated patient by facilitating regular elimination. 


Indications: SENOKOT S Tablets offer welcome relief in functional constipation when combined 

neuroperistaltic stimulation plus stool softening is indicated, especially for: the aged; postpartum 
and postoperative patients; drug-induced constipation; cardiovascular patients and those with si 
hemorrhoids. Dosage (preferably at bedtime): Adults: Initial Dosage: 2 tablets (max. dose— 4 tablets 
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Determinants of Ventricular Performance in Myocardial Infarction 
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e When drug therapy is indicated in hypertension, HydroDIURIL has 
proven to be a clinically useful baseline agent 

e The antihypertensive effect of HydroDIURIL is usually maintained 
throughout long-term therapy 

e When additional therapy is warranted, HydroDIURIL may be used in 
combination with other antihypertensive agents. HydroDIURIL 
may add to or potentiate the action of other antihypertensive drugs. 
Therefore, careful observations for changes in blood pressure 
must be made. 





Contraindications include anuria and hypersensitivity to hydro- Because of the importance of 
~ chlorothiazide or other sulfonamide-derived drugs. Use with caution patient motivation, Merck 
in patients with severe renal disease, impaired hepatic function, Sharp & Dohme offers “High 
Or progressive liver disease. Blood Pressure," a concise, 
pocket-sized booklet that 
TABLETS, 25 mg, 50 mg, and 100 mg defines the patient's own role 





& in the management of hyper- 
tension. This booklet is avail- 
able for you to give to your 

HydroDIURIL ao tue 
reinforce your explanation of 


: : hypertension and it emphasizes 
(OC oro aZ| e the importance of patient 
understanding in adhering to 
the regimen you prescribe. 


highly effective, Please ask your Merck Sharp & 
| SAPE, p Dohme Professional Represen- 
single-entity tative or write Professional 


Service Department, West 


antihypertensive : Point, Pa. 19486 for a supply 


MSN of this booklet 


"s —— d 






ANTIHYPERTENSIVE THERAPY 3 


= Fie Rane NE a), 
m TuS. NS Spe poe aks se ou EY 
ioo ad ^ Fi TR TE RD SNE soe oe = sais 
EMU et 
yin WEN 
NY ^ 
E 


 THROUGHOUTTHEYEARSOF —— 





Hydrochlorothiazide | MSD 


highly effective, | 
single-entity antihypertensive 


Contraindications: Anuria; hypersensitivity 
to this or other sulfonamide-derived drugs; 
routine use in an otherwise healthy pregnant 
woman with or without mild edema. 
Warnings: Use with caution in severe renal 
disease since thiazides may precipitate 
azotemia. Cumulative effects may develop in 
patients with impaired renal function. Use with 
caution in patients with impaired hepatic func- 
tion or progressive liver disease, since minor 
alterations of fluid and electrolyte balance may 
precipitate hepatic coma. May add to or poten- 
tiate action of other antihypertensive drugs; 
potentiation occurs with ganglionic or 
peripheral adrenergic..blocking drugs. Sen- 
sitivity reactions may occur in patients with or 
without a history of allergy or bronchial 
asthma. Possibility of exacerbation or activa- 
tion of systemic lupus erythematosus has been reported. Lithium generally 
should not be given with diuretics because they reduce its renal clearance and 
add a high risk of lithium toxicity. Read circulars for lithium preparations before 
use of such concomitant therapy. 


Use in pregnancy: Thiazides cross placental barrier and appear in cord blood; 
in pregnancy or in women of childbearing potential, weigh anticipated benefit 
against possible hazards, including fetal or neonatal jaundice, throm- 
bocytopenia, and possibly other adverse reactions that have occurred in adults 


Nursing mothers: Thiazides appear in breast milk; if use of drug is deemed es- 
sential, patient should stop nursing. 


Precautions: Perform periodic determination of serum electrolytes to detect possi- 
ble electrolyte imbalance. Observe all patients for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum 
and urine electrolyte determinations are particularly important when patient is vomit- 
ing excessively or receiving parenteral fluids. Medication such as digitalis may also in- 
fluence serum electrolytes. Warning signs, irrespective of cause, are dryness of mouth, 
thirst, weakness, lethargy, drowsiness, restlessness, muscle pains or cramps, muscu- 
lar fatigue, hypotension, oliguria, tachycardia, and gastrointestinal disturbances such 
as nausea and vomiting. Hypokalemia may develop, especially with brisk diuresis, in 
severe cirrhosis, with concomitant corticosteroid or ACTH therapy, or with inadequate 
oral electrolyte intake. Hypokalemia can sensitize or exaggerate response of heart to 
toxic effects of digitalis (e.g., increased ventricular irritability). Hypokalemia may be 
avoided or treated by use of potassium supplements, such as foods with a high 
potassium content. Any chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circumstances (as in liver disease or 
renal disease). Dilutional hyponatremia may occur in edematous patients in hot 


weather; appropriate therapy is water restriction, rather than administration of salt ex- 
nant in rara inetancac whan the hvnanatramia ic life threatening [n actual salt denle- 


25mg 50mg 100mg 
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Insulin requirements in diabetic patients may 
be increased, decreased, or unchanged; latent 
diabetes mellitus may become manifest. 
Thiazides may increase responsiveness to 
tubocurarine. Antihypertensive effects of the 
drug may be enhanced in postsympathectomy 
patients. May decrease arterial responsiveness 
to norepinephrine; this diminution is not suffi- 
cient to preclude effectiveness of the pressor 
agent for therapeutic use. If progressive renal 
impairment becomes evident, consider with- 
holding or discontinuing diuretic therapy. 
Thiazides may decrease serum PBI levels with- 
out signs of thyroid disturbance. Calcium ex- 
cretion is decreased by thiazides. Patho- 
logical changes in the parathyroid gland with 
hypercalcemia and hypophosphatemia have 
been observed in a few patients on pro- 
longed therapy; thiazides should be discontinued before testing for parathyroid 
function. 

Adverse Reactions: Gastrointestinal System— Anorexia; gastric irritation; 
nausea; vomiting; cramping; diarrhea; constipation; jaundice (intrahepatic 
cholestatic jaundice); pancreatitis; sialadenitis. 

Central Nervous System —Dizziness; vertigo; paresthesias; headache; xanthopsia. 
Hematologic — Leukopenia; agranulocytosis; thrombocytopenia; aplastic anemia. 
Cardiovascular— Orthostatic hypotension (may be aggravated by alcohol, bar- 
biturates, or narcotics). 

Hypersensitivity— Purpura; photosensitivity; rash; urticaria; necrotizing 
angiitis (vasculitis) (cutaneous vasculitis); fever; respiratory distress including 
pneumonitis; anaphylactic reactions. 

Other— Hyperglycemia; glycosuria; hyperuricemia; muscle spasm; weakness; 
restlessness; transient blurred vision. 

Whenever adverse reactions are moderate or severe, thiazide dosage should be 
reduced or therapy withdrawn. 

Note: When used with other antihypertensive drugs, careful observations for changes 
in blood pressure must be made, especially during initial therapy. Dosage of other anti- 
hypertensive agents must be reduced by at least 50 percent as soon as this drug is ad- 
ded to the regimen. As blood pressure falls under the potentiating effect of this agent, 
further reduction in dosage, or even discontinuation, of other antihypertensive drugs 
may be necessary. 

How Supplied: Tablets containing 25 mg hydrochlorothiazide 

each in bottles of 100 and 1000 and single-unit packages of 100; f 
Tablets containing 50 mg hydrochlorothiazide each in bottles of 

100, 1000, and 5000 and single-unit packages of 100; Tablets M S D 
containing 100 mg hydrochlorothiazide each in bottles of 100. 

For more detailed information, consult your MSD repre- E K 
sentative ar see full nrescribina information. Merck — VTL UNE 
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EVERYTHING YOU WOULD EXPECT — 
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ONLY 
THE USCI-POSITROL II™ CATHETE 
COMBINES ALL THESE FEATURES 


Exclusive Smooth, High Gloss Finish 
Excellent Tip Curve Memory 
Excellent Torque Control 


Wire-Reinforced Polyurethane Shaft 

Metal Luer Lock Fitting 

High Pressure Tolerance (1000 psi) 

Excellent Flow Rates | 


Sterile Packaged 
Excellent Radiopacity 
USCI Service 
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® Each capsule contains 50 mg. 
of Dyrenium® (triamterene, SK&F) 
and 25 mg. of hydrochlorothiazide. ` 





DYAZID 


MAKES SENSE 


Trademark 





TRIAMTERENE CONSERVES POTASSIUM 
WHILE HYDROCHLOROTHIAZIDE 
LOWERS BLOOD PRESSURE 


FOR LONG-TERM CONTROL 
OF HYPERTENSION + Serum K+ and BUN should be checked periodically. (See Warnings Section.) 





Before prescribing, see complete prescribing in- 
formation in SK&F literature or PDR. The fol- 
lowing is a brief summary. 


Warning 

This fixed combination drug is not indi- 
cated for initial therapy of edema or hyper- 
tension. Edema or hypertension requires 
therapy titrated to the individual patient. If 
the fixed combination represents ihe dosage 


so determined, its use may be more convenient 
in patient management. The treatment of 
hypertension and edema is not static, but 
must be reevaluated as conditions in each 
patient warrant. 


*Indications: Edema: That associated with con- 
gestive heart failure, cirrhosis of the liver, the 
nephrotic syndrome; steroid-induced and idio- 
pathic edema; edema resistant to other diuretic 
therapy. Mild to moderate hypertension: Useful- 
ness of the triamterene component is limited to 
its potassium-sparing effect. 

Contraindications: Pre-existing elevated serum 
potassium. Hypersensitivity to either component. 
Continued use in progressive renal or hepatic 
dysfunction or developing hyperkalemia. 
Warnings: Do not use dietary potassium supple- 
ments or potassium salts unless hvpokalemia 
develops or dietary potassium intake is markedly 
impaired. Enteric-coated potassium salts may 
cause small bowel stenosis with or without 
ulceration. Hyperkalemia (75.4 mEq/L) has 





been reported in 4% of patients under 60 years, 
in 12% of patients over 60 years, and in less than 
8% of patients overall. Rarely, cases have been 
associated with cardiac irregularities. Accord- 
ingly, check serum potassium during therapy, 
particularly in patients with suspected or con- 
firmed renal insufficiency (e.g., elderly or dia- 
betics). If hyperkalemia develops, substitute a 
thiazide alone. If spironolactone is used con- 
comitantly with ‘Dyazide’, check serum potas- 
sium frequently —both can cause potassium 
retention and sometimes hyperkalemia. Two 
deaths have been reported in patients on such 
combined therapy (in one, recommended dosage 
was exceeded; in the other, serum electrolytes 
were not properly monitored). Observe patients 
on ‘Dyazide’ regularly for possible. blood 
dyscrasias, liver damage or other idiosyncratic 
reactions. Blood dyscrasias have been reported 
in patients receiving Dyrenium (triamterene, 
SK&F). Rarely, leukopenia, thrombocytopenia, 
agranulocytosis, and aplastic anemia have been 
reported with the thiazides. Watch for signs of 
impending coma in acutely ill cirrhotics. Thia- 
zides are reported to cross the placental barrier 
and appear in breast milk. This may result in 
fetal or neonatal hyperbilirubinemia, thrombo- 
cytopenia, altered carbohydrate metabolism and 
possibly other adverse reactions that have oc- 
curred in the adult. When used during pregnancy 
or in women who might bear children, weigh 
otential benefits against possible hazards to 
etus. 


Precautions: Do periodic serum electrolyte and 


BUN determinations. Do periodic hematologic 
studies in cirrhotics with splenomegaly. Anti- 
hypertensive effects may be enhanced in post- 
sympathectomy patients. The following may 
occur: hyperuricemia and gout, reversible nitrogen 
retention, decreasing alkali reserve with possible 
metabolic acidosis, hyperglycemia and glycosuria 
(diabetic insulin requirements may be altered), 
digitalis intoxication (in hypokalemia). Use 
cautiously in surgical patients. Concomitant use 
with antihypertensive agents may result in an 
additive hypotensive effect. ‘Dyazide’ interferes 
with fluorescent measurement of quinidine. 


Adverse Reactions: Muscle cramps, weakness, 
dizziness, headache, dry mouth; anaphylaxis; 
rash, urticaria, photosensitivity, purpura, other 
dermatological conditions; nausea and vomiting 
(may indicate electrolyte imbalance), diarrhea, 
constipation, other gastrointestinal disturbances. 
Necrotizing vasculitis, paresthesias, icterus, 
pancreatitis, xanthopsia and, rarely, allergic 
pneumonitis have occurred with thiazides alone. 


Supplied: Bottles of 100 capsules; in Single Unit 
Packages of 100 (intended for institutional use 
only). 


SK&F Co., Carolina, P.R. 00630 


Subsidiary of SmithKline Corporation 
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CARDIOCASSETTE 


A NEW Concept 
in Ambulatory 


ECG RECORDIN 


Permits long duration monitoring of a 
patients with playback directly into ' 
office ECG unit. No special data pro 

ing equipment is needed. 
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and during the occurrence of symp 


; Cost much lower than other long- 
p uu duration ambulatory ECG systems. 


The Simple, Direct Design for 
Dynamic Electrocardiography 


Uses standard or endless loop cassettes. 





Recorded signals can be directly transmitted from 
CARDIOCASSETTE over phone lines to any ECG 
receiver, facilitating rapid analysis or consultation. 


Reliability and high performance insured by simple, 
rugged design. 
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331 Left Ventricular Performance in Coronary Artery Disease Evaluated with Systolic Time 
Intervals and Echocardiography 


RICHARD S. STACK, CHENG C. LEE, BANDA P. REDDY, MARIANNE L. TAYLOR and 
ARNOLD M. WEISSLER 


Simultaneous determinations of systolic time intervals and echocardiographic measures 
of left ventricular performance in 25 normal subjects and 37 patients with transmural 
myocardial infarction showed that abnormalities in these noninvasive measurements 
were related to the severity of dyspnea and fatigability rather than angina. These data 
document the value of these methods over other current clinical bedside methods in eval- 
uating left ventricular function in patients with prior myocardial infarction. The presence 
of gallop rhythm or enlarged heart did not reliably detect impaired ventricular perfor- 
mance, but multiple sites of myocardial infarction and arteriographic evidence of two or 
three vessel coronary disease were reliable indicators of impaired function. 


340 Pump Dysfunction After Myocardial Infarction: Importance of Location, Extent and Pattern 
of Abnormal Left Ventricular Segmental Contraction 


RICHARD R. MILLER, HAROLD G. OLSON, LOUIS A. VISMARA, HUGO G. BOGREN, 
EZRA A. AMSTERDAM and DEAN T. MASON 


This study using biplane left ventriculography and selective coronary arteriography in 53 
patients with chronic ischemic heart disease demonstrates that size rather than location 
of infarction is the principal determinant of left ventricular performance after myocardial 
infarction four or more months previously. Paradoxical outward systolic movement (dyski- 
nesia) and generalized dyssenergy were associated with greater ventricular dysfunction 
than diminished inward systolic movement (hypokinesia) or localized dyssynergy. Anterior 
infarction results in greater ventricular dysfunction than inferior infarction only because of 
larger extent of infarction rather than location. 


345 Functional Significance of Coronary Collateral Vessels in Patients With Acute Myocardial 
Infarction: Relation to Pump Performance, Cardiogenic Shock and Survival 


DAVID O. WILLIAMS, EZRA A. AMSTERDAM, RICHARD R. MILLER and DEAN T. MASON 


Emergency left heart catheterization and coronary arteriography in 20 patients with acute 
myocardial infarction showed better protection of pump function and prognosis in the 6 
subjects with well functioning anastomatic channels to the distal trunk of the blocked cor- 
onary artery than in the 14 subjects with no or inadequate collateral channels. The former 
all survived and suffered no cardiogenic shock; in the latter group 10 had shock and 8 of 
: the 14 died. The rapidity of vessel obstruction influenced collateralization since infarction 
was preceded by angina pectoris more frequently in the first group with good collateral 
circulation than in the second group with poor collateral circulation. 
Continued on page A17 
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Diuretics reduce blood pressure by blocking 
sodium retention to lower "effective" volume. 
But, the body's renal compensatory mech- 
anisms are mobilized to promote sodium 
conservation, expand “effective” volume and 
reelevate blood pressure. Sustained control of 
"effective" volume is therefore essential to 
treatment. Hygroton blocks sodium retention 
longer than any other diuretic available. 


Provides sustained control 


Since the effects of Hygroton are exerted over a 
24-hour period, sodium diuresis is gradual and 
prolonged. At the renal tubular level, Hygroton 
thwarts attempts of the renin/angiotensin/ 
aldosterone system to conserve sodium, thus 
keeping "effective" volume and blood pressure 
down. Inadequate doses of diuretics may permit 
the renin/angiotensin/aldosterone system to 
prevail, but Hygroton helps inhibit itthrough . . . 
a ‘24-hour sentry” effect 


Enhances patient compliance 


The “24-hour sentry” effect of Hygroton allows 
once-a-day administration. This uncomplicated 
regimen encourages patient compliance 
through simplicity and economy. Proven efficacy 
and compliance have made Hygroton one of the 
most widely prescribed diuretic/antihyperten- 
sives for mild to moderate hypertension today. 


Hyvogroton 
the 24-hour sentr y 


Also available as Hygroton 100 mg. 


USV Pharmaceutical Mfg. Corp. 
pHarmaceuticas Manati, P.R. 00701 
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'Hvgroton 50mg. 


(chiorthalidone) 
blocks sodium retention longer 





BRIEF SUMMARY 
Indications: Hypertension, adjunctive therapy in edema. 
Contraindications: Anuria, hypersensitivity to chlorthali- 
done; routine use of diuretics in an otherwise healthy preg- 
nant woman with or without mild edema is contraindicated 
and possibly hazardous. Warnings: Should be used with 
caution in severe renal disease, impaired hepatic function 
or progressive liver disease. May be additive or potentiative 
of the action of other antihypertensive drugs. Sensitivity 
reactions may occur in patients with a history of allergy or 
bronchial asthma. Usage in women of childbearing age 
requires that the potential benefits of the drug be weighed 
against its possible hazards to the fetus. These hazards 
include fetal or neonatal jaundice, thrombocytopenia, and 
possibly other adverse reactions which have occurred in the 
adult. In nursing mothers, thiazides cross the placental 
barrier and appear in cord blood and breast milk. Precau- 
tions: Periodic determination of serum electrolytes to 
detect possible electrolyte imbalance should be performed 
at appropriate intervals. All patients receiving chlorthalidone 
should be observed for clinical signs of fluid or electrolyte 
imbalance; namely, hyponatremia, hypochloremic alkalo- 
Sis, and hypokalemia. Serum and urine electrolyte determi- 
nations are particularly important when the patientis 
vomiting excessively or receiving parenteral fluids. Medica- 
tion such as digitalis may also influence serum electrolytes. 
Hypokalemia may develop with chlorthalidone as with any 
other potent diuretic, especially with brisk diuresis, when 
severe cirrhosis is present, or during concomitant use of 
corticosteroids or ACTH. Interference with adequate oral 
electrolyte intake will also contribute to hypokalemia. Digi- 
talis therapy may exaggerate metabolic effects of hypokale- 
mia especially with reference to myocardial activity. Any 
chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circum- 
stances (as in liver disease or renal disease). Dilutional 
hyponatremia may occur in edematous patients in hot 
weather. Hyperuricemia may occur or gout precipitated in 
certain patients. Insulin requirements in diabetic patients 
may be increased, decreased, or unchanged and latent 
diabetes mellitus may become manifest. Chlorthalidone 
and related drugs may increase the responsiveness to 
tubocurarine. The antihypertensive effects of the drug may 
be enhanced in the postsympathectomy patient. Chlor- 
thalidone and related drugs may decrease arterial respon- 
Siveness to norepinephrine. If progressive renal impairment 
becomes evident, as indicated by a rising nonprotein 
nitrogen or blood urea nitrogen, a careful reappraisal of 
therapy is necessary with consideration given to withhold- 
ing or discontinuing diuretic therapy. Chlorthalidone and 
related drugs may decrease serum PBI levels without signs 
of thyroid disturbance. Adverse Reactions: Anorexia, gas- 
tric irritation, nausea, vomiting, cramping, diarrhea, con- 
stipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, headache, 
xanthopsia; leukopenia, agranulocytosis, thrombocy- 
topenia, aplastic anemia; purpura, photosensitivity, rash, 
urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculi- 
tis), Lyell'S syndrome (toxic epidermal necrolysis). Ortho- 
static hypotension may occur and may be aggravated by 
alcohol, barbiturates or narcotics. Other adverse reactions 
include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, impotence. Whenever 
adverse reactions are moderate or severe, chlorthalidone 
dosage should be reduced or therapy withdrawn. 
Usual Dose: One tablet daily. How Supplied: Tablets — 
100 mg. (white, scored) and 50 mg. (aqua) in bottles of 100 
and 1000; single-dose blister packs, boxes of 500: PAKs of 
28 tablets, boxes of 6. 





CONTENTS 





352 Aortocoronary Bypass Surgery: Correlation of Angiographic, Symptomatic and Functional 
Improvement at 1 Year 


CARL W. HARTMAN, YIHONG KONG, JAMES R. MARGOLIS, STAFFORD G. WARREN, 
ROBERT H. PETER, VICTOR S. BEHAR and H. NEWLAND OLDHAM 


Clinical and coronary arterial angiographic data in 60 patients 1 year after aortocoronary 
bypass surgery indicate that improved blood supply to the ischemic myocardium contrib- 
utes greatly to the relief of angina pectoris after such surgery. Postoperative coronary 
perfusion was optimal in 16 patients (Group |), better in 24 (Group II) and the same or 
worse in 20 (Group lll). Complete freedom from chest pain or lessening of pain was noted 
in 88 and 79 percent of patients in Group | and Il, respectively, but in only 50 percent of 
patients in Group Ill. Assessment of coronary perfusion, based on patterns of coronary 
disease, graft patency and extent of revascularization on postoperative angiography, cor- 
relates well with clinical improvement at 1 year. 


358 Cross-Sectional Echocardiography in Evaluating Patients With Discrete Subaortic Stenosis 


ARTHUR E. WEYMAN, HARVEY FEIGENBAUM, ROGER A. HURWITZ, DONALD A. GIROD, 
JAMES C. DILLON and SONIA CHANG 


Adding the advantage of correct spatial orientation, cross-sectional echocardiography af- 
forded an alternative and probably improved method for the noninvasive study of the left 
ventricular outflow tract in 10 patients with discrete subaortic stenosis caused by a thin 
subvalvular membrane or more extensive subvalvular narrowing or residual obstruction 
after surgical revision. This method permitted more exact localization of the level of ob- 
struction and a determination of the nature of the lesion. 


EXPERIMENTAL STUDIES 


366 Functional Abnormalities in Nonoccluded Regions of Myocardium After Experimental 
Coronary Occlusion 


H. L. WYATT, JAMES S. FORRESTER, PROTASIO L. da LUZ, GEORGE A. DIAMOND, 
ROBERT CHAGRASULIS and H. J. C. SWAN 


Immediately after occlusion of the distal left anterior descending coronary artery in open 
chest dogs, typical changes of ischemic dysfunction—late systolic lengthening, depres- 
sion of systolic shortening and increased diastolic compliance—occurred consistently 
and simultaneously in ischemic and adjacent regions and inconsistently in the remote 
area. Depression of left ventricular function after coronary occlusion may be partially re- 
lated to previously unrecognized depression of function in apparently ‘‘nonischemic’’ 
myocardium, but the severity of all functional alterations was directly related to proximity 
to the ischemic region. | 
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“ultimate test” of 
Stability... 


prescribe a 
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proof of stability. 


question of maintenance of content uniformity of nitro- 
glycerin is answered by Nitrostat as proved by assay: 
less chance of your patient taking a superpotent or, more 
important, a subpotent tablet. 

Disintegration? We test it using the USP test in 800 
ml of water. All tablets usually disintegrate within 30 sec- 
onds (USP limit — 2 minutes). 

Dissolution? Using NF Method I, we show greater 
than 90% dissolution in 30 seconds. 

Now, each factor taken by itself may not be decisive. 
But taken together, they add up to a good reason to 
prescribe Nitrostat. 


Nitrostat 


(nitroglycerin tablets, USP) 
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373 Alterations in Myocardial Function During Bacterial Infective Cardiomyopathy 
CHARLES W. TOMLINSON and NARANJAN S. DHALLA 


Experimentally produced bacterial endocarditis due to Streptococcus viridans in rabbits 
depressed the rates of left ventricular pressure development and relaxation, prolonged 
half relaxation time and decreased the cardiac contractile force. These changes resulted 
from myocardial dysfunction and heart failure secondary to infective cardiomyopathy. 


METHODS 


382 Quantitative Radionuclide Angiocardiography: Detection and Quantitation of Left to Right 
Shunts 


JOSEPH ASKENAZI, DONALD S. AHNBERG, ERIC KORNGOLD, C. GRANT LAFARGE, 
DAVID L. MALTZ and SALVADOR TREVES 


The technique of quantitative radionuclide angiocardiography used in this study of 105 
patients allowed precise detection and quantitation of left to right shunts with a pulmo- 
nary to systemic flow ratio of 1.2 to 3.0 and good agreement with this ratio calculated by 
oximetry at cardiac catheterization. This nontraumatic radionuclide method appears reli- 
able enough for managing patients with suspected left to right shunts and is available to 
any hospital or clinic with a gamma camera and access to a computer. 


388 Measurement of Left Ventricular Mean Circumferential Fiber Shortening Velocity and 
Systolic Ejection Rate by Computerized Radionuclide Angiography 


PETER STEELE, MICHAEL LeFREE and DENNIS KIRCH 


Radionuclide-determined measurements in 31 subjects, using an Anger camera and in- 
jection of technetium-99m into a wedged pulmonary catheter, revealed that the left ven- 
tricular ejection fraction correlated with mean fiber shortening velocity and systolic ejec- 
tion rate. The ejection fraction was not diminished in any patient with a normal mean 
fiber shortening velocity or systolic ejection rate. These radionuclide measurements do 
not require left heart catheterization and can be frequently repeated. 


PEDIATRIC CARDIOLOGY 


395 Systemic Atrioventricular Valve Regurgitation in Corrected Transposition of the Great 
Vessels. Angiographic Differentiation of Operable and Nonoperable Valve Deformities 


RICHARD B. JAFFE 


In 10 patients with corrected transposition of the great arteries and systemic atrioventric- 
ular (A-V) valve regurgitation, angiography proved helpful in distinguishing the operable 
deformed but normally positioned valve from the inoperable Ebstein-type malformation of 
the inverted tricuspid valve in which the valve leaflets are displayed below the level of 
the valve ring. The position of the valve leaflets is best recognized in the frontal angio- 
gram where the position of the left coronary artery serves as the best guide to the posi- 
tion of the tricuspid valve ring. 
Continued on page A21 
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403 “Agenesis’’ of Ductus Arteriosus Associated With the Syndrome of Tetralogy of Fallot and 
Absent Pulmonary Valve 


GEORGE C. EMMANOUILIDES, BASIL THANOPOULOS, BUAN SIASSI and 
MICHAEL FISHBEIN 


The apparent frequency of ‘‘agenesis’’ of the ductus arteriosus in the severe form of te- 
tralogy of Fallot and absent pulmonary valve suggests a relation that may contribute to 
the massive dilatation of the pulmonary arteries as found in four infants who died with this 
syndrome. All had severe respiratory distress due to bronchial compression by massively 
dilated pulmonary arteries. 


410 Truncus Arteriosus Communis: Truncal Valve Anomalies Associated With Small Conal or 
Truncal Septal Defects | 


GLENN C. ROSENQUIST, SAROJA BHARATI, HUGH A. McALLISTER and MAURICE LEV 


These four cases illustrate and constitute a spectrum of valve anomalies due to abnormal 
truncoconal septation that represent a transition between aorticopulmonary and conal 
(supracristal ventricular) septal defect in truncus arteriosus communis. 


REPORTS ON THERAPY 


413 Duration of Hospitalization in “Uncomplicated Completed Acute Myocardial Infarction.” An 
Ad Hoc Committee Review 


H. J. C. SWAN, HENRY W. BLACKBURN, ROMAN DeSANCTIS, PETER FROMMER, 
J. WILLIS HURST, OGLESBY PAUL, ELLIOT RAPAPORT, ANDREW WALLACE and SYLVAN 
WEINBERG 


By the 4th or 5th day of illness certain patients may be assigned to a subset with '"'un- 
complicated completed acute myocardial infarction" when they have no evidence of (1) 
continuing cardiac ischemia, (2) left ventricular failure, (3) shock, (4) important cardiac 
arryhthmias, (5) conduction disturbances, or (6) other serious illnesses. Such patients 
have a good prognosis and respond favorably to shorter periods of immobilization and 
hospitalization than those generally used, often requiring only 4 days of bed rest and 9 to 
14 days of hospital care. However, for the individual patient, many factors will determine 
the optimal duration of bed rest and hospital stay and the physician must weigh therapeu- - 
tic benefits against potential disadvantages. 


420 Long-Term Propranolol Therapy for Angina Pectoris 
STAFFORD G. WARREN, DAVID L. BREWER and EDWARD S. ORGAIN 


Despite the absence of double blind controls, this prospective 5 to 8 year study of long- 
term propranolol therapy in 63 patients with stable (functional class lll or IV) angina pec- 
toris confirms the effectiveness and safety of this drug. Relative contraindications include 
a previous history of congestive heart failure, a cardiothoracic ratio greater than 0.5 with- 
out overt heart failure, and mild angina. Propranolol may increase the risk of cardiogenic 
shock in acute myocardial infarction. A 50 percent or greater reduction in anginal pain 
with propranolol predicts a low mortality group. 


Continued on page A23 
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DIAGNOSTIC SHELF 


427  ''Presystolic" Augmentation of Diastolic Heart Sounds in Atrial Fibrillation 


ANTHONY J. BONNER, Jr., JANIE STEWART and MORTON E. TAVEL 


"Presystolic" augmentation of diastolic heart sounds in patients with atrial fibrillation 
probably results from the initial muscular contraction of an underfilled ventricle in which 
the contraction itself or the sudden deceleration of the rapidly moving flow of blood 
across the atrioventricular orifice may produce the sound. This phenomenon is neither 
peculiar to nor indicative of mitral stenosis. 


CASE REPORTS 


432  Mid-Ventricular Obstruction: A Variant of Óbstructive Cardiomyopathy 


RAUL E. FALICOV, LEON RESNEKOV, SAROJA BHARATI and MAURICE LEV 


Since neither mitral valve replacement nor outflow myectomy by the transaortic ap- 
proach is likely to relieve the intraventricular gradient in the presence of mid-ventricular 
obstruction, it is important to diagnose correctly this rare variant form of obstructive car- 
diomyopathy. The correct in vivo diagnosis rests on the characteristic angiographic hour- 
glass deformity of the left ventricle and the recording of pressures in multiple sites of the 
left ventricular cavity. 


438  Eosinophilia and Endyomyocardial Fibrosis 


ALBERT J. LIBANOFF and NORMA J. McMAHON 


This case report delineates another still poorly explained cause of fatal heart failure in an 
adolescent boy in whom endomyocardial fibrosis is attributed to a delayed immunologic 
reaction related to marked eosinophilia. At autopsy severe endocardial fibrosis extending 
into the myocardium, but no leukemia, was found. 


442  Tricuspid Insufficiency Due to Nonpenetrating Trauma 


KENNETH M. KESSLER, JORGE E. FOIANINI, JAMES E. DAVIA, WARREN T. ANDERSON, 
KARL PFUETZE, THOMAS PINDER and MELVIN D. CHEITLIN 


Echocardiograms indicating right ventricular volume overload were an essential diag- 
nostic tool leading to cardiac catheterization and the definitive diagnosis of mild, hemody- 
namically insignificant traumatic tricuspid insufficiency in a 21 year old soldier after an 
automobile accident. 


445 Right Ventricular Infarction With Tricuspid Insufficiency and Chronic Right Heart Failure 


DONALD D. ZONE and ROBERT E. BOTTI 


Infarction of the right ventricle is blamed for the chronic right heart failure and tricuspid 
insufficiency in a 48 year old woman with previous inferior wall infarction caused by oc- 
clusion of the right coronary artery. The relative immunity of the right ventricle to infarc- 
tion, and hence the rarity of this complication, is attributed to the usually excellent blood 
supply of the right ventricle. 


Continued on page A24 


CONTENTS 


SPECIAL DEPARTMENTS 
449 Letters to the Editor 
Prevention of Heart Disease—1 and Il —Whereat, Blackburn et al. 
Identifying Propranolol Users—Goldmann 1 
Myocardial Lactate in Patients With Normal Coronary Arteries—1 and ll —Jennings et al. 


Rheumatic Valve Disease—Kloth and Munoz 


455 Reviews in Cardiology 


456 Book Reviews 


457 American College of Cardiology News 


CORRECTION 
The Journal regrets the error in the equation on pages 7 and 9 in the January 
issue (Teichholz LE, Kreulen T, Herman MV, et al: Problems in echocardiogra- 
phic volume determinations: echocardiographic-angiographic correlations in 


the presence or absence of asynergy. Am J Cardiol 37: 7—11, 1976). On page 
7, line 5 of the abstract, the sentence should read: The final equation was: V 
= [7.0/(2.4 + D)] (D), where V = volume and D = the echocardiographically 
measured internal dimension. The same equation should also appear on page 
9, line 8 of the second paragraph of Results. 
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JALTASCOPE M/L 1 
IHE FIRST RESCUE 
SYSTEM AS FLEXIBLE AS THE 
PEOPLE WHO USE IT. 





. Ifthere’s one thing you can 
»e sure of in cardiac rescue, it's 
hat you cant be sure of anything. 

Every situation, either in the 
1ospital or in the field, presents 
1ew problems, and requires new 
solutions. 

At Datascope, we've been in 
»mergency medicine since its 
nception. 

Our equipment has faced just 
about everything. And from that 
»xperience we ve put together a 
system that’s prepared to face 
anything: the M/D2 System. 

The M/D2 System is built on 
dne very simple principle. Every 
nstrument in the system must be 
ndependent and not compro- 
mised by any other instrument. 

In keeping with this philoso- 
phy, our monitor, our defibrillator 
and our strip-chart recorder each 
have a separate battery source. 
One unit never puts a drain on 
another. 

But to see its flexibility, let's 
‘ake our system apart, instrument 
by instrument. 


OUR MONITOR. 


The monitor in the M/D2 
system nests inside the defibril- 
lator. You can carry the monitor 
and defibrillator, use it, and store 
t as one unit. 

But the monitor pulls out'of 
he M/D2 case and works as a 
separate unit as well. So it can be 
placed right ona patient's stretcher 
in the field. Or put in the most 
advantageous viewing position at 
the bedside. 









In addition to being so flex- 
ible, our monitor outperforms any 
monitor in emergency medicine. 

It has a 5-inch scope with a 
8 x 11 cm. viewing area. 
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It has a memory which pro- 
vides a bright, non-fade display 
that's remarkably clear even in 
strong sunlight. 

It has a freeze button which 
lets you stop the ECG for closer 
study. 

Its the only emergency moni- 
tor with a digital heart rate read- 
out. And because the readout is 
an LED display, you can even read 
it in the dark. 


OUR DEFIBRILLATOR. 


Like our monitor, our defib- 
rillator has its own battery-pack. 

Itstheonly defibrillator made 
that gives you a digital energy 
meter. Which displays both stored 
energy and the results of delivered 
energy tests. 


The defibrillator is exception- 
ally safe. A warning tone sounds 
when the selected energy level is 
reached. 

Energy cannot be delivered 
unless the push-button switch 
on each paddle is actuated 
simultaneously. 

The energy within the defib- 
rillatorisautomatically discharged 
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For paramedic use, the M/D2 
is available completely shielded 
against RF interference across 
the entire communications band. 


OUR RECORDER. 


Our recorder is flexible as 
well. It's carried separately and 
powered separately. (For good 
reason. A recorder powered by a — 
common battery puts anenormous 
drain on the other instruments in 
the system.) 

Our recorder weights only 11 
pounds. And when you're using 
our monitor outside the M/D2 
case, our recorder fits right into 
the space the monitor vacated. 
Whichallowseveneasiertransport. 


OUR RAPID CHARGER. 


Although the M/D2 comes 
with a standard battery recharger, 
we offer the first rapid recharging 
unit as part of our system. Our 
Rapid Charger allows you to de- 
fibrillate with just 60 seconds of 
recharge. And in just 10 minutes 
it will recharge the defibrillator to 
at least 6076 of total capacity. 


THE SYSTEM.IT'S MORE 
THAN ANY OFITS PARTS. 


Three independent units. 
Three independent battery-packs. 
And a Rapid Charger. They work 
together, or apart. They give you 
more ability to react than any 
single unit ever could. 

For more information on the 
M/D2 System, write: Datascope 
Corp., 580 Winters Avenue, 
Paramus, N.J. 07652. 
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not exceeding 25 to 50 mg./minute. 


For ventricular arrhythmias, 
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 PRONESTYIS: INJECTION - 
jenen ef diede i infection U. s. P. ) 


Description: Pronestyl Injection (Procainamide Hydrochloride Injection 

Uz S. P.) is a sterile aqueous solution providing 100 mg. or 500 mg. pro- 

^cainamide hydrochloride per ml. The 100 mg./ml. potency contains 0.996 

-. (w/v) benzyl alcohol and 0.09% sodium bisulfite as preservatives. The 500 

-~ mg/ml. potency contains 0.1% methylparaben and not more than 0.2% 
«. . Sodium bisulfite as preservatives. 


LO Contraindications: In patients with myasthenia gravis and where a hyper- 

‘sensitivity to procainamide exists; cross sensitivity to procaine and related 

safe drugs must be borne in mind. Should not be given to patients with com- 

Die plete atrioventricular heart block. Contraindicated in cases of high-degree 
Ei 1) AV block unless an electrical pacemaker is operative. 


-~ Precautions: Evidence of untoward myocardial response should be care- 

_ "fully watched for in all patients. In the presence of myocardial damage, 

A procainamide - may produce untoward responses. In atrial fibrillation or 

pr flutter, the ventricular rate may increase suddenly as the atrial rate is slowed: 

-.. adequate digitalization reduces but does not abolish this danger. If myo- 

=~ cardial damage exists, ventricular tachysystole is particularly hazardous. 

. The dislodgement of mural thrombi producing an embolic episode may 

- — occur in correcting atrial fibrillation due to the forceful contractions of 

- - . the atrium. . 

X i Extreme caution is required in attempting to adjust the heart rate when 

. ventricular tachycardia has occurred during an occlusive coronary episode 

or where the use of procainamide may result in additional depression of 

- conduction and ventricular asystole or fibrillation as in A-V block, bundle 
branch block, or severe digitalis intoxication. 

 Parenteral administration should be monitored electrocardiographically 

“whenever practicable. Parenteral administration should be discontinued 

N iat once if electrocardiograms give evidence of impending heart block. This 


MA © (especially parenterally) in patients with severe organic heart disease and 
Z . ventricular tachycardia who may also have complete heart block. Since 
P asystole may result if the ventricular rate is significantly slowed without at- 
‘tainment of regular atrioventricular Conduction, procainamide should be 

` Stopped and the patient re-evaluated. 
T2 oin the presence of both liver and kidney damage, normal dosage may 
Rede symptoms of overdosage — principally ventricular tachycardia and 

“severe hypotension. 

= A syndrome resembling lupus erythematosus has been reported with 
" maintenance procainamide therapy. Common symptoms are polyarth- 
- — ralgia, arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion 
v andpericarditis may also occur. Rare cases of thrombocytopenia or Coombs- 


positive hemolytic anemia, possibly related to this syndrome, have been 
reported. Measure anti-nuclear antibody titers at regular intervals in patients 
on procainamide for extended periods of time or in whom symptoms sug- 
gestive of lupus-like reaction appear; discontinue drug in event of rising 
titer or clinical symptoms of LE. Steroid therapy may be effective if discon- 
tinuation of procainamide does not cause remission of symptoms. If the 
syndrome develops in a patient with recurrent life-threatening arrhythmias 
not otherwise controllable, steroid-suppressive therapy may be used con- 
comitantly with procainamide. 


Adverse Reactions: Because procainamide is a peripheral vasodilator, 
I. V. administration may produce transient but at times severe hypotension 
particularly in conscious patients. I.M. injection is less likely to cause serious 
falls in blood pressure. Serious disturbances of cardiac rhythm such as 
ventricular asystole or fibrillation are also more common with lIV. 
administration. 

A syndrome resembling lupus erythematosus has been reported. Re- 
actions consisting of fever and chills including a case with fever and chills 
plus nausea, vomiting, abdominal pain, acute hepatomegaly, and a rise in 
SGOT following single doses of the drug have been reported. Bitter taste, 
diarrhea, weakness, mental depression, giddiness, psychosis with hallucina- 
tions, hypersensitivity reactions such as angioneurotic edema and maculo- 
papular rash have been reported. Agranulocytosis has been occasionally 
reported following repeated use of the drug, and deaths have occurred; 
therefore, routine blood counts are advisable during maintenance therapy. 
If soreness of mouth, throat or gums, unexplained fever or any symptoms 
of upper respiratory tract infection should occur and leukocyte counts in- 
dicate cellular depression, procainamide therapy should be discontinued 
and appropriate treatment should be instituted immediately. 


Administration: Oral administration is preferred. When parenteral therapy 
is necessary, intramuscular administration is the method of choice. /ntra- 
venous use should be limited to extreme emergencies, the drug should be 
administered as a dilute infusion, and the patient should be monitored 
electrocardiographically. The intravenous dose should not exceed 1 gram. 
Administer at a rate not exceeding 25 to 50 mg. per minute. 

Should procainamide therapy be continued for any appreciable period, 
electrocardiograms should be made occasionally to determine its fur- 
ther need. 

The package insert should be read carefully to become familiar with the 
recommended dosage for the indicated conditions. 


How Supplied: Pronestyl Injection (Procainamide Hydrochloride Injec- 
tion U.S.P.) is available in 10 ml. vials providing 100 mg./ml. and in 2 ml. 
vials providing 500 mg./ml. 





`- PRONESTYL TABLETS 
. (Procainamide Hydrochloride Tablets) 


is "The prolonged administration of procainamide often leads to the de- 
| velopment of a positive anti-nuclear antibody (ANA) test with or without 
symptoms of lupus erythematosus-like syndrome. If a positive ANA 


titer develops, the benefit/risk ratio related to continued procainamide 
‘ therapy should be assessed. This may necessitate considerations of 
PRpInquve anti-arrhythmic therapy. 





: |i  Pronesty Tablets (Procainamide Hydrochloride Tablets) are veneer- coated 


. sensitivity to brocsinsiftide exists; bear in mind cross sensitivity to procaine 
26 . and related drugs. Should not be given to patients with complete atrioven- 
E Ns - tricular heart block. Contraindicated in cases of second degree and third 
T „degree A-V block unless an electrical pacemaker is operative. 


R X NO aon Should procainamide therapy be continued for any ap- 
— . preciable period, electrocardiograms should be made occasionally to deter- 
“mine its further need. 


oe Precautions: Evidence of untoward myocardial response should be care- 

| fully watched for in all patients. In the presence of myocardial damage 

with atrial fibrillation or flutter, the ventricular rate may increase suddenly 

- -as the atrial rate is slowed; adequate digitalization reduces but does not 

: ‘abolish this danger. Ventricular tachysystole is particularly hazardous if 
Gt. - myocardial damage exists. 

a The dislodgement of mural thrombi producing an embolic episode may 


ar "occur in correcting atrial fibrillation due to the forceful contractions 
E of the atrium. 
pre Extreme Caution is required in attempting to adjust the heart rate when 


ventricular tachycardia has occurred during an occlusive coronary episode 

- al or where the use of procainamide may result in additional depression of 
2o conduction and ventricular asystole or fibrillation as in second degree and 
-—  .third degree A-V block, bundle branch block, or severe digitalis intoxication. 
Bear in mind when treating ventricular arrhythmias in patients with severe 
organic heart disease and ventricular tachycardia that complete heart block, 
- . which may be difficult to diagnose, may be present. Since asystole may 
Ee result if the ventricular rate is significantly slowed without attainment of 





e — regular atrioventricular Bon dune procainamide noui be es iat and 


p.t. tha natiant res mualiatand | Epa 


In the presence of both liver and kidney damage, normal dosage may - 
produce symptoms of overdosage — principally ventricular tachycardia and 
severe hypotension. 

A syndrome resembling lupus erythematosus has been reported with 
maintenance procainamide therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion and 
pericarditis may also occur. Rare cases of thrombocytopenia or Coombs- 


` positive hemolytic anemia, possibly related to this syndrome, have been 


reported. Measure anti-nuclear antibody titers at regular intervals in patients 
on procainamide for extended periods of time or in whom symptoms sug- 
gestive of lupus-like reaction appear; in event of rising titer (anti-nuclear anti- 
body) or clinical symptoms of LE, assess the benefit/risk ratio related to 
continued procainamide therapy (see boxed Warning). Steroid therapy may 
be effective if discontinuation of procainamide does not cause remission 
of symptoms. If the syndrome develops in a patient with recurrent life- 
threatening arrhythmias not otherwise controllable, steroid-suppressive 
therapy may be used concomitantly with procainamide. 

Adverse Reactions: Hypotension is rare with oral administration. Serious 
disturbances of cardiac rhythm such as ventricular asystole or fibrillation. 
are more common with I. V. administration. 

Large oral doses may sometimes produce anorexia, nausea, urticaria, 
and/or pruritus. 

A syndrome resembling lupus erythematosus has been reported (see 
Precautions). Reactions consisting of fever and chills have been reported, 
including a case with nausea, vomiting, abdominal pain, acute hepatomegaly, 
and a rise in serum glutamic oxaloacetic transaminase following single 
doses of the drug. Agranulocytosis has been occasionally reported following 
repeated use of the drug, and deaths have occurred. Therefore, routine 
blood counts are advisable during maintenance procainamide therapy; and 
the patient should be instructed to report any soreness of the mouth, throat, 
or gums, unexplained fever or any symptoms of upper respiratory tract 
infection. If any of these symptoms should occur and leukocyte counts in- 
dicate cellular depression, procainamide therapy should be discontinued 
and appropriate treatment should be instituted immediately. Bitter taste, 
diarrhea, weakness, mental depression, giddiness, psychosis with hallucina- 
tions, and hypersensitivity reactions such as angioneurotic edema and 
maculopapular rash have been reported. 

The package insert should be read carefully to become familiar with © 
the recommended dosage for the indicatgd conditions and for full pre- 


; scribing information. 


How Supplied: Pronesty! Tablets eProcainarnie: Hydrochloride Tablets) 
providing 250 mg., 375 mg., and 500 mg. are available in bottles of 100. 
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» Nitrates are the first line of defense 


against angina pectoris 


* The therapeutic goal of oral nitrate therapy 


is an angina-free patient 


Fewer tablets for patients on 80 mg. or more per day (up to a 
maximum of 120 mg./day) 

* To provide prophylaxis against anginal attacks often caused 
by unavoidable everyday stress. 

* To reduce the frequency and severity of angina pectoris 
attacks. (Not intended to abort the acute episode.) 





* Indications: Based on a review of this drug by the National Academy 
of Sciences—National Research Council and/or other information, FDA 
has classified the indication as follows: 

"Possibly" effective: When taken by the oral route, Isordil is indicated 
for the relief of angina pectoris (pain of coronary artery disease). It is 
not intended to abort the acute anginal episode, but is widely regarded 
as useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. 









Contraindication: Idiosyncrasy to this drug. 

Warnings: Data supporting the use of nitrites during the early days of the 
acute phase of myocardial infarction (the period during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross-tolerance to other nitrites 
and nitrates may occur. 
Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
rash and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information and/or professional samples? 


IVES LABORATORIES INC. 


New York, New York 10017 ® 


DEDICATED TO IMPROVING THE QUALITY OF LIFE 
THROUGH MEDICINE® 


Life lines. 


Kodak Linagraph 2201 For details on these 
paper. Gives you data and other products for 
directly from the recorder medical recording, write 
—within seconds. Makes Eastman Kodak Company, 
clean, legible traces and Dept. 412L (260-E), 

takes pen or pencil Rochester, N. Y. 14650. 


notations. 
Kodak Linagraph RESULTS 
1930 paper. A machine- COUNT 


processable paper which 
gives you permanent 
traces for future refer- 
ence. Stays flat, won't 
wrinkle. — 


Kodak Linagraph paper 











. With the addition of the moderately-priced Polytrack - many, many other equally prestigious institutions. ae 
Modification any Processall gains the added flexibility of 
being able to process 4 films at any interval. Previous to 
this a Processall was capable of processing up to 4 film 
cassettes at one time. But there was a limitation. All 4 
had to be started simultaneously. And by an experienced 


operator. 


The advantages of the Polytrack Maciivaren are 


obvious. The operator doesn’t have to 
wait for the first case to be finished 
before inserting the second, third or 
fourth film, or stop the machine. During 
the filming of the diagnostic procedure, 
exposed reels can be fed right from the 
camera into the Processall without 
delay. 

As for the machine itself, the fact 
that Processalls are in daily use at 
Johns Hopkins, The Mayo Clinic, Indi- 
ana University, Cleveland Clinic and 





TELEPHONE (914) 562-3900 


OSCAR FISHER CO., INC. 
P.O. BOX 2305 / NEWBURGH, N.Y. 12550 


All equipment manufactured by Oscar Fisher Company, Inc., 


modest price. 


more about the unit than we ever could. 

And now, with the new Polytrack Modification, the 
Processall is a more efficient, more effective, more impor- 
tant diagnostic tool then ever before.. 


Without the Polytrack Modification the Processall is 





Operator removes finished reel from machine 
while other tracks continue to be processed. 


. Process up to 4 diagnostic 


films at any interval 


with Processalls 
new Polytrack Modification 


is on GSA Contract. 


available for cine fluorography. With 
the addition of Polytrack the best 
becomes that much better. 

Other advantages of the Processall 
System. * Fine Grain Yield * Better Res- 


.at a surprisingly | 


biu uris by many to be the best processing machine | 


olution * Rapid Development * Fixation - 


and Drying * Variable Speed and Tem- 
perature Control * Automated Proces- 
ing * Consistent Quality * 316L Stain- 
less Steel Construction. 

For more information contact us or 
your nearest Oscar Fisher dealer. 
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Standing, at rest, V-5, HR-74. 
American's Stress Test Electrode 
supplies immediate base line stability. 
Testing with a narrow, drift free base 
line can begin as soon as the self- 
adhering, silver/silver chloride elec- 
trodes have been applied to the patient 
and connections made to your 
monitoring equipment. 
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4th Minute at 2 mph, 0% Grade, 
V-5, HR-75. Base line stability is 
maintained because of the electrode's 
gel retaining cup and gel impregnated 
foam pad; the gel pad is slightly 
oversize to assure positive, continuous 


pressure at the electrode-skin interface. 


The result: virtual elimination of base 
line instability and motion artifact. 


Do your stress test ECGs 


4 tes, 0 0% Grade, V-5, di ren 
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it’s ECG ii indicates 1 mm of 


4 depression.) Fully shielded cable - 
.. and leadwire provide an effective — 


barrier to the electrical interference 
that might otherwise mask small - 
amounts of S-T depression. 





show everything you 


need to see? 





=- "| 
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th Minute at 3 mph (12th minute 

f test), 5% Grade, V-5, HR-117. 

»-T depression increases to 2.5 mm.) 
ven at high work loads, the Ameri- 

in Stress Test Electrode and fully 
uelded cable system delivers a stable 
ase line and noise-free signal. 





4th Minute at 3 mph (16th minute 
of test), 7.5% Grade, V-5, HR-135. 
(S-T depression drops to 2.0 mm.) 
Long test procedures seldom affect 
the electrode's contact with a patient's 
skin; trace quality remains high, even 
with patients who perspire heavily. 


(Because of this electrode's special gel 
formulation, application periods of longer 
than four hours are not recommended.) 


. Compare the stress test electrocardiograms 

“you have been getting with those reproduced above." 
There's a reason for the unusually high quality 
of the ECG traces shown: The patient was being 
monitored with American's Stress Test 
Electrode and fully shielded cable system. 


If you've been diagnosing from stress test electro- 
cardiograms that display wide or unstable base lines, 
severe motion artifact or possible hidden S-T depression, 
please contact us. We think we can help. 


* Examples shown were produced under clinical conditions 
during an actual stress test procedure using the American 


Stress Test Electrode system. 


"m & Manufactured in U.S.A. by NDM Corporation, Dayton, Ohio 45439 


Available through 


il 


lli, 
All 





"n 


ll 
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AMERICAN uwospitat supply ERES 


Division of American Hospital Supply Corp. * General Offices, 1450 Waukegan Road, McGaw Park, Illinois 60085 





del aunciug — 
silver/silver chloride 
electrode is pregelle 
and disposable 

for maximum 
convenience. 













Pinch wire 
connector 
furnishes 
positive contact 
and visible 
electrode connections. 


Special gel formulation 
and oversized gel pad 
delivers immediate 
baseline stability 
and high signal 
strength. 


Fully shielded 
cables with up 
to fifteen leads 
are available. 
Quick disconnect 
feature enables 
you to change 
one of the 
shielded leadwires 
in moments. 


We invite you to try the first 
electrode/leadwire/cable system 
designed to match the “‘no- 
compromise” nature of exercise 
stress testing. The fully shielded 
patient cable is adaptable to your 
present monitoring equipment, 
regardless of its make. 


Please contact your American 
Hospital Supply or NDM 
representative to arrange a no 
obligation clinical trial, including 
a total inservice for your staff. 
American will supply electrodes, 
fully shielded cables and fully 
shielded, quick disconnect 
leadwires adaptable to your 
present monitoring equipment 
during the trial period. 


For more information and 

a complimentary copy of our 
stress test technician's primer 
How to Take the Strain out of 
Stress Testing, write to: 

NDM, Department J, 3040 East 
River Road, Dayton, Ohio 45439. 












When choosing a 
diuretic for "T" 
day-in-day-out 
hvpertension control 
with comfortable 
compliance... 











The problem of maintaining antihypertensive control 
rises anew with each dawn. 


That is why the agent you choose in mild to moderate 
essential hypertension should offer (1) long-term 
effectiveness, (2) patient comfort and compliance. 


Zaroxolyn offers both. 


In one long-term study! Zaroxolyn brought moderately 
elevated (average 161/109 mm Hg) blood pressure 
down to the range of normotension—and held it there 
for a year or more. 


The investigator noted, "Patient cooperation was 
surprisingly good for a study of such duration 

[242 years]. The once-daily dosage schedule with 
metolazone [Zaroxolyn] no doubt contributed to patient 
compliance? 


And overall patient compliance with Zaroxolyn is 
good— very good. An analysis of controlled clinical 
studies involving 188 Zaroxolyn patients showed that 
only eight discontinued therapy because of side effects. 
That's a discontinuation rate of only 4.396. Broader 
clinical experience appears to substantiate this low rate 
of discontinuance? 


Zaroxolyn. For long-term control and comfortable 
compliance in mild to moderate essential hypertension. 





MAIOXON! «eoszoe. Pennwalt) 


2Vo-mg, 5-mg and 10-mg tablets 


once-daily anti hypertensive-diuretic 
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xolni metolazone, Pennwalt) 


Effe ctive,comfortable, 
. long acting antihyp ertensive 


_ therapy from a single daily dose. 





Prescribing Information 


INDICATIONS: ZAROXOLYN (Metolazone) is indicated 
for the treatment of edema accompanying congestive 
heart failure and renal disease, and to reduce blood 
pressure in the management of mild to moderate 
essential hypertension. 


CONTRAINDICATIONS: Anuria, Hepatic coma or 
pre-coma; Allergy or hypersensitivity to ZAROXOLYN. 
The routine use of diuretics in an otherwise healthy 
pregnant woman, with or without mild edema, is 
contraindicated and possibly hazardous. 


WARNINGS: While not reported to date, cross- 
allergy theoretically may occur when ZAROXOLYN is 
given to patients known to be allergic to sultonamide- 
derived drugs, thiazides, or quinethazone. 
Hypokalemia may occur, with consequent weakness, 
cramps, and cardiac dysrhythmias. It is a particular 
hazard in digitalized patients; dangerous or fatal 
arrhythmias may be precipitated. 
Azotemia and hyperuricemia may be noted or 
precipitated during the administration of ZAROXOLYN 
Infrequently, gouty attacks have been reported in persons 


_ with history of gout. Discontinue ZAROXOLYN if azotemia 


and oliguria worsen during treatment of patients 


with severe renal disease. 


“Presently, ZAROXOLYN is not recommended for 
pediatric patients. 
ZAROXOLYN will, on occasion, exhibit considerable 


— . potentiation when administered concurrently with 


furosemide. Excessive, massive volume and electrolyte 
depletion may result. Exert care, especially during 


initial therapy, when using ZAROXOLYN with other 


antihypertensives. Dosage of other antihypertensive 
agents, especially the ganglionic blockers, 
should be reduced. 

Use of ZAROXOLYN with a potassium-sparing 
diuretic may potentiate diuresis; dosage should be 


reduced. Potassium retention and hyperkalemia may result; 


serum potassium should be determined frequently. 
Potassium supplementation is contraindicated when a 
potassium-sparing diuretic is given. 


USAGE IN PREGNANCY (See Contraindications): 
Since ZAROXOLYN crosses the placenta, and appears 
in the cord blood, its administration to women of child 
bearing age requires that the potential benefits of the 
drug be weighed against its possible hazards to the 
fetus. The potential effects on the fetus include fetal or 
neonatal jaundice, thrombocytopenia, and possibly 
other adverse reactions which have occurred in 

the adult. 


NURSING MOTHERS: ZAROXOLYN appears in 


.. breast milk. Thus it is possible that the effects of 

— ZAROXOLYN may occur in the newborn. If the use of 
-ZAROXOLYN is deemed essential for a nursing mother, 

- the patient should stop nursing. 


PRECAUTIONS: Periodic assessment of serum 
electrolytes, blood urea nitrogen, uric acid, and 
glucose levels should be made at intervals 
during therapy. 

Patients receiving ZAROXOLYN therapy should be 
observed for clinical signs of fluid and/or electrolyte 
imbalance; namely, hyponatremia, hypochloremic 
alkalosis, and hypokalemia. Serum and urine electrolyte 
determinations are particularly important when 
the patient is vomiting excessively or receiving parenteral 
fluids. Medication such as digitalis may also influence 
serum electrolytes. Warning signs, irrespective of cause, 
are: dryness of mouth, thirst, weakness. lethargy. 
drowsiness, restlessness, muscle pains or cramps. 
muscular fatigue, hypotension, oliguria, tachycardia, and 
gastrointestinal disturbances such as nausea and 
vomiting. 

Serum potassium should be determined regularly, 
and potassium supplementation instituted as indicated. 
Hypokalemia will be more common in association with 
intensive or prolonged diuretic therapy, with concomi- 
tant steroid or ACTH therapy, and with inadequate 
electrolyte intake. 

While not reported to date for ZAROXOLYN, 
related diuretics have increased responsiveness to 
tubocurarine and decreased arterial responsiveness 
to norepinephrine. Accordingly, it may be advisable 
to discontinue ZAROXOLYN three days before 
elective surgery. 

Observe caution when administering ZAROXOLYN 
to hyperuricemic or gouty patients. ZAROXOLYN exerts 
minimal affects on glucose metabolism; insulin require- 
ments may be affected in diabetics, and hyperglycemia 
and glycosuria may occur in patients with 
latent diabetes. 

Chloride deficit and hypochloremic alkalosis 
may occur. In patients with severe edema accom- 
panying cardiac failure or renal disease, a low-salt 
syndrome may be produced; hot weather and a low- 
salt diet will contribute. 

Observe caution when administering ZAROXOLYN 
to patients with severely impaired rena! function. 

As most of the drug is excreted by the renal route, 
cumulative effects may be seen in this circumstance. 

Orthostatic hypotension may occur; this may be 
potentiated by alcohol, barbiturates, narcotics, or 
concurrent therapy with other antihypertensive drugs. 

While not reported for ZAROXOLYN, use of other 
diuretics has been associated on rare occasions with 
pathological changes in the parathyroid glands, with 
hypercalcemia and hypophosphatemia. 

ADVERSE REACTIONS: Gastrointestinal reactions: 
Constipation, nausea, vomiting, anorexia, diarrhea, 
bloating, epigastric distress, intrahepatic cholestatic 
jaundice, hepatitis. Central nervous system reactions: 


i9 


syncope, dizziness, drowsiness, vertigo, headache. 
Cardiovascular reactions: orthostatic hypotension, 
excessive volume depletion, hemoconcentration, venous 
thrombosis, palpitation and chest pain. Hematologic: 
leukopenia, Dermato/ogic-hypersensitivity: urticaria and 
other skin rashes. Other reactions: dryness of mouth, 
hypokalemia, hyponatremia, hypochloremia, 
hypochloremic alkalosis, hyperuricemia, hyperglycemia, 
glycosuria, raised BUN or creatinine; fatigue, muscle 
cramps or spasm, weakness, restlessness, chills and 
acute gouty attacks. 

Adverse reactions which occur with other-diuretics, 
but have not been reported to date for ZAROXOLYN 
include: pancreatitis, paresthesias, xanthopsia, 
agranulocytosis, thrombocytopenia, aplastic anemia, 
purpura, photosensitivity and necrotizing angiitis 
(cutaneous vasculitis). These reactions should be 
considered as possible occurrences with clinical 
usage of ZAROXOLYN. 

Whenever adverse reactions are moderate or severe, 
dosage should be reduced or therapy withdrawn. 


HOW SUPPLIED: Tablets, 2V», 5 and 10 mg. 


References: 

1. Dornfeld L, Kane R: Metolazone in 
essential hypertension. The long- 
term clinical efficacy of a new 
diuretic. Curr Ther Res 18: 527-533, 
1975 

2. Data on file, Medical Department, 
Pennwalt Prescription Products. 
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Contraindications: Quinaglute Dura-Tabs are contraindicated in patients - 
e pa len wi with partial A-V or complete heart block, or intraventricular conduction 





defects, especially those exhibiting a marked grade of QRS widening; 
in patients manifesting idiosyncrasy or sensitivity to quinidine (e.g. 


febrile reactions, skin eruptions, thrombocytopenia, etc.), in patients 
c ati iac a 5 mia with renal disease resulting in significant azotemia, or those developing 
cardiotoxic effects such as conduction defects; ventricular premature 


beats, ventricular tachycardia or flutter while on the drug. It may be 


contraindicated in certain patients who have marked cardiac enlarge- 
ma nee ment, particularly with congestive failure, poor renal function, and 
especially renal tubular acidosis, 


Precautions: The precautions to be observed include all those applicable 


9 * to quinidine. A preliminary test dose of a single tablet of quinidine 
me 1¢ a 1011 mos sulfate should be administered to determine if the patient has an idio- 
syncrasy to quinidine. Hypersensitivity to quinidine, although rare, 


should constantly be considered; especially during the first weeks of 


3 therapy. 
W en e tg, Signs of idiosyncrasy include febrile reactions, skin eruptions, throm- 
bocytopenic purpura, and respiratory embarrassment. Extreme caution 


should be exercised in using the drug in patients with severe heart 


» $ disease and congestive heart failure, with digitalis intoxication, or renal 
eas || e Q a e Y insufficiency. It should be administered cautiously, if at all, to senile 
eoo patients. Hospitalization for close clinical observations, electrocardio- 
craphic monitoring, and possibly plasma quinidine levels, is indicated 
while he's sl i 
ile he's sleeping. 











when large doses are used, or with patients who present an increased 
risk. 

As with all quinidine preparations, the titrating of the exact quinidine 
dosage will vary with each individual patient. With the dosage regimen 
of 2 tablets every 8 hours, higher blood levels than necessary for main- 
tenance of normal sinus rhythm could be reached, whereas with 1 tablet 
every 12 hours, the blood levels may be too low to maintain normal 
sinus rhythm. 

7 ML E, As with other quinidine products, Quinaglute Dura-Tabs should not 
Quinaglute” Dura-Tabs* (quinidine gluconate) be used during pregnancy. 

- Adverse Reactions: The patient should be advised to report immediately 

to the physician any symptoms of cinchonism (including tinnitus, de- 





"Pc enetained e AS RS pee I. ) ' creased auditory acuity, vertigo, blurred vision, color perception dis- 
\ . produces sustained serum quinidine le els, thus turbances, photophobia, diplopia, night blindness, scotomata, reduced 

providing a convenient 8 or 12 hour dosage schedule dcos Meh tebe sag dA be iei 
= Where such symptoms develop, or if evidence of hypotension appears, 
e usually insures uninterrupted therapeutic quinidine the drug should be discontinued. Gastrointestinal disturbances have only 
| rarely been reported. If they occur, they may be minimized by admin- 
gluconate lev els C uring sleep istering the drug with food. If they persist, dosage should be decreased. 
Dosage: For the prevention of premature atrial, nodal or ventricular con- 

LJ > ‘SVEO 
av oids peaks and V alley 5 in plasma lev els during tractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 

Ww hich time the arr hy thmias may recur Before prescribing or administering, please refer to QUINAGLUTE full 


: product information. 
e maintains normal sinus rhvthm following conversion 


by other techniques 
* well tolerated to enhance patient cooperation — CGOPCMaboratories, Inc. 
few G.I. disturbances Wayne, New Jersey 07470 


lute Dura-Tabs 


(quinidine gluconate) 5 gr. (033 Gm.) 
> .. tohelp maintain the patient 
a all through the night 
















. The Edwards’ SWAN-GANZ? Flow-Directed Thermodilution Catheter combined 
- with the new Edwards' Model 9510A Cardiac Output Computer provides a simple, 


"integrated system" for accurate measurement of cardiac function 
in the ICU/CCU environment. 


Catheters and cardiac output 
computers...both are equally important 
considerations when measuring cardiac 
output by the thermodilution technique. 

The Edwards' Model 9510A 
Cardiac Output Computer, which 
provides direct digital display of cardiac 
output in liters per minute, has been 
"systems designed" for direct connection 
to SWAN-GANZ Thermodilution 
Catheters. No adapters or special inter- 
faces are required. Multilumen catheter 
design allows assessment of right and left 
heart filling pressures, in addition to 
cardiac output. 


The ri 








Computer design has been 
refined to afford greater user con- 
venience. For example, the baseline 
setting function has been totally auto- 
mated; an indicator lights if a catheter 
malfunctions before or after insertion; 
and an audio tone signals when the 
computer is ready for the injection. 
Catheter excitation current has been 
reduced to 100 A maximum. 

Furthermore, the portable, 
battery-operated Model 9510A provides 
the same major features of earlier 
versions, such as simplicity of operation; 
use with iced or room temperature 
injectate; automatic integration of the 


dilution curve; warning of impending 
battery depletion; and optically isolated 
recorder output. 

For further information about the 
Cardiac Output System, please write or 
phone Edwards Laboratories, 17221 
Red Hill Avenue, RO. Box 11150, 

Santa Ana, CA 92711, 714/557-8910, 
Cable: EDSLAB, Telex: 68:5567 


C] EDWARDS 
CI LABORATORIES 
E. 


Division of American Hospital Supply Corporation 


combination 
is the key to cardiac output. 





Acardiac patients 
anxiety and associated 
depressive symptoms 
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can often delay active 
participation in rehabilitation 
for days or even weeks. 


In the hospital's protective atmos- 


` phere, the cardiac patient may have 


seemed reasonably calm and coopera- 
tive—well on his way to the kind of emo- 
tional adjustment that many patients 
manage to make after a heart attack. But 
now he's back home, and must face the 
knowledge that life may never again be 
quite the same. Suddenly, he may be- 
come more anxious than he’ s ever been 
before. More fearful about the future. 
And his steadily mounting anxiety and 
tension—often accompanied by associ- 
ated depressive symptoms—can make it 
difficult for him to attempt rehabilitation. 





In time, many such patients respond 
well to your continued support and 
counseling efforts. But when excessive 
psychic tension—with or without associ- 
ated depressive features—continues to 
impede rehabilitative progress, Valium 
(diazepam) can be extremely helpful. 
The psychotherapeutic effect of Valium 
iS frequently both pronounced and 
rapid: quite often, the patient experi- 
ences significant relief of emotional dis- 
tress during the first few days of therapy 
and is, therefore, ready that much 
sooner to take a more active part in his 
own recovery. (Some patients, of 
course, may require more time to obtain 
a clear-cut response.) 
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An important advantage in treating 
the cardiac patient: Valium (diazepam) 
is used with most classes of primary 
medications such as cardiac glycosides, 
anticoagulants, diuretics and vasodila- 
tors. Since it’s available as scored tablets, 
Valium allows you to set, adjust and re- 
adjust dosage as appropriate during ther- 
apy. And it’s often helpful to add an b.s. 
dose to a b.i.d. or t.i.d. regimen if the 
patient’s anxiety and secondary depres- 
sive symptoms worsen at bedtime. 

In recommended doses, oral 
Valium generally does not cause signifi- 
cant adverse effects on vital signs; how- 
ever, lower initial doses (2 to 27 m 
once or twice daily) should be used with 
elderly or debilitated patients to help 
avoid ataxia or oversedation. Physicians 
should be aware of the possibility of 
other side effects described in complete 
product information. 


Before prescribing, please see 
complete product information, 
a summary of which appears on 
the next page. 





® 


(diazepam) © 


2-mg, 54mg, l0-mg scored tablets 
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i . Prompt id effective action 

- Valium acts promptly to help relieve psychic ten- 
- sion and its associated depressiv e symptoms in the 
| psychoneurotic cardiac patient. 





. Wide margin of safety 

| At recommended dosages, oral Valium is generally 

-well tolerated and does not significantly affect 

prop ration, pulse or heart rate. 

; 

T Before prescribing, please consult complete 

^i product information, a summary of which follows: 

» Indications: Tension and anxiety states; somatic 

| complaints which are concomitants of emotional fac- 

- tors; psychoneurotic states manifested by tension, anxi- 
ety, apprehension, fatigue, depressive symptoms or 
“agitation; symptomatic relief of acute agitation, tremor, 

- delirium tremens and hallucinosis due to acute alcohol 
_ withdrawal; adjunctively in skeletal muscle spasm due 
. to reflex spasm to local pathology; spasticity caused by 
Kupper motor neuron disorders; athetosis; stiff-man syn- 

drome; convulsive disorders (not for sole therapy). 

y Contraindicated: Known hypersensitivity to the 

- drug. Children under 6 months of age. Acute narrow 
angle glaucoma; may be used in patients with open 
- angle glaucoma who are receiving appropriate therapy. 

d Warnings: Not of value in psychotic patients. 

- Caution against hazardous occupations requiring com- 
plete mental alertness. When used adjunctively in 

- convulsive disorders, possibility of increase in frequency 

and/or severity of grand mal seizures may require 

- increased dosage of standard anticonvulsant medication; 

1 abrupt withdrawal may be associated with temporary 

- increase in frequency and/or severity of seizures. Advise 

_ against simultaneous ingestion of alcohol and other 
CNS depressants. Withdrawal symptoms (similar to 
- those with barbiturates and alcohol) have occurred 
- following abrupt discontinuance (convulsions, tremor, 

- abdominal and muscle cramps, vomiting and sweating). 
- Keep addiction-prone individuals under careful sur- 

- veillance because of their predisposition to habituation 

- and dependence. In pregnancy, lactation or women of 

_ childbearing age, weigh potential benefit against possi- 

- ble hazard. 

b. Precautions: If combined with other psycho- 

- tropics or anticonvulsants, consider carefully pharma- 
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For the cardiac patients 
psychoneurotic anxiety and 
associated depressive symptoms. 


Valium (diazepam) 


2-mg, 5-mg, l0-mg scored tablets 


Flexible dosage 

Valium, available as 2-mg, 5-mg and 10-mg scored 
tablets, allows dosage to be easily readjusted to 
suit patients’ changing needs. 

Predictable pharmacokinetically 
Pharmacokinetic studies of Valium demonstrate a 
highly predictable pattern of absorption, distribu- 
tion, metabolism and excretion. 


depressants may potentiate its action. Usual precautions 
indicated in patients severely depressed, or with latent 
depression, or with suicidal tendencies. Observe usual 
precautions in impaired renal or hepatic function. Limit 
dosage to smallest effective amount in elderly and debil- 
itated to preclude ataxia or oversedation. 

Side Effects: Drowsiness, confusion, diplopia, 
hypotension, changes in libido, nausea, fatigue, depres- 
sion, dysarthria, jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, blurred 
vision. Paradoxical reactions such as acute hyperexcited 
states, anxiety, hallucinations, increased muscle spas- 
ticity, insomnia, rage, sleep disturbances, stimulation 
have been reported; should these occur, discontinue 
drug. Isolated reports of neutropenia, jaundice; periodic 
blood counts and liver function tests advisable during 
long-term therapy. 

Dosage: Individualize for maximum beneficial 
effect. Adults: Tension, anxiety and psychoneurotic 
states, 2 to 10 mg b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. 
or q.i.G. in first 24 hours, then 5 mg t.i.d. or q.i.d. as 
needed; adjunctively in skeletal muscle spasm, 2 to 10 
mg t.i.d. or q.i.d.; adjunctively in convulsive disorders, 2 
to 10 mg b.i.d. to q.i.d. Geriatric or debilitated patients: 
2 to 21? mg, 1 or 2 times daily initially, increasing as 
needed and tolerated. (See Precautions.) Children: 1 to 
2⁄2 mg t.i.d. or q.i.d. initially, increasing as needed and 
tolerated (not for use under 6 months). 

Supplied: Valium®(diazepam) Tablets, 2 mg, 5 mg 
and 10 mg—bottles of 100 and 500; Tel-E-Dose® 
packages of 100, available in trays of 4 reverse-numbered 
boxes of 25, and in boxes containing 10 strips of 10; Pre- 
scription Paks of 50, available singly and in trays of 10. 


Roche Laboratories 
ROCHE Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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What does 100% pi 
Orange Juice from Florida 
have that both these women need? 


Folic acid needs are increased by both preg- 
nancy and oral contraceptives. 

During the third trimester of pregnancy, the RDA for folic 
acid is twice the normal amount. Folate deficiency is 
common during pregnancy and is highly related to 
megaloblastic anemia with associated risks of hemor- 
rhage during delivery and abruptio placentae. X» 
And, although an RDA has not been estab- ‘A 
lished for women taking oral contraceptives, 
evidence suggests that folic acid assimila- 
tion may be decreased among these women. 
Orange juice appears to be a reasonable 
and stable supplement for people needing 
additional amounts of folate. 


< 
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Orange juice is an unusually good source of folic 
acid. 
There are many rich dietary sources of folate. But cook- 
ing or processing, in many cases, can destroy up to 95% 
of the initial folate. Orange juice not only has a relatively 
high level of folic acid, it is a stable source. Its 
high Vitamin C content protects the folate from 
oxidation and no folate is lost during 
qw ^ome preparation since orange juice is not 
€ cooked. Also, the monoglutamic folate in 
orange juice is the most easily absorbed 
form. Best of all, your patients will love the 
taste of delicious 100% pure Orange Juice 
from Florida. 


FLORIDA ORANGE GROWERS 


© State of Flor 


SOURCE: The facts about orange juice in this ad have been taken from Dr. Richard R. Streiff's article, “Folate levels in citrus and other juices” 


published in the December 1971 issue of The American Journal of Clinical Nutrition. 
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The CardioBeeper* heart monitor and 
CardioBeeper*-PM pacer monitor are 
unlike any heart monitoring instruments 
now in use. They re five ounces, pocket- 
sized and relatively inexpensive. Yet 
they are unparalleled in electronic so- 
phistication. The CardioBeeper monitors 
are engineered to permit your coronary 
patient, within seconds, to telephonically 
transmit his heart rate and rhythm or 
ECG. And to allow your pacemaker 
patient to transmit pacemaker rate in- 
terval and artifact, as well as confirma- 
tion of battery integrity and ventricular 
capture. At any time. From any conven- 
tional telephone. If indicated, you are 
then able to institute immediate, often 
life-sustaining action. 


niu 


Pacemaker tracing telephoned with 
CardioBeeper-PM. 


Normal ECG tracing tel 
CardioBeeper. 
The CardioBeeper system is simple 
to use. Your patient need not undress. 
Or be bothered with paste, gels or straps. 
He simply places a reusable electrode 
in each bare armpit. And to transmit, 
he merely holds the CardioBeeper 


monitor next to the mouthpiece of the 
phone while touching a button. Physiciar 
and patient stay in constant voice 
contact while sending and receiving. 


You can immediately receive the 
telephoned data as a series of audible 
“beeps” indicating each QRS complex 
or pacemaker spike. To receive a per- 
manent record of ECG or pacemaker 
artifact, just connect a CardioBeeper® 
ECG Decoder to your telephone and to 
any conventional ECG machine. Or 
instead, connect a CardioBeeper® 
Decodalyzer to your phone to obtain a 
visual readout of heart rate or pace- 
maker rate in BPM, interval count in 
msec. or a direct ECG tracing for your 
records. 

In life-threatening emergencies 
or routine checks, no remote cardiac 
monitoring instruments available today 
at any cost can rival the revolutionary 
CardioBeeper system. For further 
information, simply contact your Wyeth 
representative or Wyeth Laboratories, 
Box 8299, Philadelphia, Pa. 19101. 


Manufactured for Wyeth Laboratories 
by Survival Technology, Inc. 


CardioBeeper-PM 


pacer monitor 


CardioBeeper 


heart monitor 


Wyeth Laboratories 


3 191 1 


Survival Technology, Inc. 
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| | | AN ADVANCED CONCEPT IN COMPUTER 
: ASSISTED EXERCISE TESTING OFFERS THESE i 
f UNIQUE FEATURES. i 


Increased Diagnostic Accuracy 


ONE o Seea terre 

ASS ISTE D SYSTE M rdg S ech PETES chart including 
all umusual cardiac events. 

FO i? EXE RCISE Computer interpretation based on 
standardized criteria. 
Patient Safety 


Real time non-fade rhythm display. 

Resting and dynamic complexes frozen for 
careful scrutiny of S-T segment changes. 
Continuous, precise J point and 

S-T slope readout. 








K Exercise end-point indicators. 

| Permanent Documentation 

i Pre-exercise ECG analysis. 

m Continucus real time record 

e of entire test. 

s Post exercise analysis, trend 

E charts:and exercise test summary. 
For full details and 

s immediate response, contact... 
Bic Marquette Electronics, Inc. 

E | P.O. Box 8039 

f 8200 W. Tower Avenue 

5 Milwaukee, Wisconsin 53223 


TEL: (800) 558-7070 


res Marquette 
S&A electronics inc. 
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Simultaneous determinations of systolic time intervals (preejection pe 
riod index [PEPI], left ventricular ejection time index [LVETI] and ratic 
of preejection period to left ventricular ejection time [PEP/LVET]) ant 
echographic measures of left ventricular performance (percent changt 
in minor axis diameter |% AD], circumferential shortening rate [Vcf 
and end-diastolic diameter [Dd]) were obtained in 25 normal subject: 
and 37 patients with previously documented transmural myocardial in 
farction. The group with previous infarction demonstrated significant (F 
« 0.001) differences from the normal group in each of the noninvasive 
measures. PEP/LVET and % AD were the most sensitive measures o 
left ventricular dysfunction. Deviation from the normal range in these 
measures occurred, respectively, in 70 and 65 percent of patient: 


without dyspnea or fatigability (20 patients) and in 85 percent of those 


without angina pectoris (13 patients). Abnormalities in systolic time in 
terval and echocardiographic measures were related to the severity o 
dyspnea and fatigability but not to that of angina. Neither the presence 
of phonocardiographically documented third or fourth sound gallop: 
nor an abnormal cardiothoracic ratio by chest roentgenogram reliably 
detected patients with abnormal left ventricular performance. The 
range of abnormality in left ventricular performance did not differ be: 
tween patients with prior anterior or diaphragmatic myocardial infarc: 
tion. The frequency of abnormal performance was greatest among pa: 
tients with combined sites of prior infarction. Among 26 patients stud: 
ied by coronary arteriography, abnormal left ventricular performance 
as determined by values for PEP/LVET and % AD occurred in fewei 
than 30 percent of those with 70 percent or greater obstruction of one 
coronary artery and in more than 80 percent of those with two or three 
vessel involvement. There was a high correlation between systolic 
time intervals, 96 AD and Vcf, the closest correlation occurring be- 
tween PEP/LVET and 96 AD (r = —0.93). These data document the 
sensitivity of the noninvasive systolic time intervals and echographic 
measures and their superiority over current clinical bedside methods in 
evaluating left ventricular performance in patients with prior myocar 
dial infarction. - | 


















































a mination n of iyatalic time idéal and echocardi- 
E og aph ic assessment of es in diameter of the 
omi hor axis of the left ventricle during systole offer 
ope expressions of left ventricular perfor- 
mar ince that compare favorably with other hemody- 
am ic measures obtained by intracardiac catheter- 
za tion  techniques.!-8 Recent studies?-!? have sup- 
port or ed the use of these techniques i in assessing left 
. veni ata ricular performance i in patients with coronary ar- 
i Lery dis pase. Even in patients with regional disorders 
| le eft t ventricular contraction, the degree of correla- 
O 5s k between echocardiographic measures of ventric- 
. ular performance and angiographic measures of the 
- same variables indicates that the echocardiographic 
approach may provide a useful functional assessment 
E. f poem. ventricle performance.!1-1? Although these 


' D 
BE >: 
] 


as n of systolic time interval and echocardiographic 

measures in patients with coronary artery disease, 
more widespread use demands additional docu- 
m Ekon. of their sensitivity in detecting left ven- 
- tri d ection. 


Vn 


n. 


m previous transmural myocardial infarction 
wa S ia to test whether these methods can im- 
“prove upon currently available bedside and noninva- 
a ve means for detecting left ventricular dysfunction 
nd to ascertain whether any interrelation exists be- 
ween abnormalities in left ventricular performance 
i . detected by them. 
$3 à ides PR 
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RA IDs om en E aed 35 b 5 5 years, were studied 3 to 60 months 
DT: fte: er recovery from a documented acute transmural myo- 
. ium infarction. Documentation of the infarction was es- 
_ tablished by (1) typical history of precordial chest discom- 
P. fort, (2) characteristic serum enzyme changes, and (3) se- 
+ be patil electrocardiographic changes with persistence of 
pathologic Q waves. The location of previous myocardial 
oa .. infarction, defined electrocardiographically according to 
porerteria of Williams et al.!^ was anteroseptal or antero- 
teral in 14 patients, diaphragmatic i in 16 and combined in 
| * Phor. to noninvasive testing, each patient was inter- 
i . viewed by two of us to assess the presence of dyspnea, fati- 
E, gability and angina pectoris. Differences in clinical assess- 
ivre were resolved by a third author. The patients were 
ssified symptomatical according to the New York 
» Association classification and grouped into three 
e: Pg vie class I, asymptomatic; class II, symptoms ini- 
tiated by ordinary activity or exercise; and class III-IV, 
syn nptoms initiated by mild exercise or occurring at rest. 
* CON \ patients were receiving maintenance doses of digitalis 
2 v two in class I, four in class II and three in class III-IV). In 
— all patients receiving propranolol for angina pectoris, use 
-was stopped 48 hours prior to the noninvasive measure- 
j,, ments. All patients had a standard 6 foot posteroanterior 
nest radiogram from which the cardiothoracic ratio was 
al d. A calculated ratio exceeding 0.50 was consid- 
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electrocardiogram, phonocardiogram and carotid arterial EN 
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pulse tracing, as described previously,!? employing a multi- 
channel photographic system (Electronics for Medicine, 
VR-6). For the electrocardiographic recording, the lead 
most clearly delineating the onset of ventricular depolar- 
ization (usually lead II or a precordial lead) was employed. 
For the phonocardiographic recording, a contact micro- 
phone (EFM model, PSA 23, 1.5 cm disk) was placed over. 
the upper part of the precordium in a position optimal for 
recording the initial high frequency vibrations of the sec- 
ond heart sound. A frequency band of 100 to 500 hertz was 
employed for this purpose. The carotid arterial pulsation 
was recorded using a funnel-shaped pickup (diameter 2.3 
cm) connected by a short length of polyethylene tubing 
(length 8 cm, inner diameter, 2 mm) to a Statham P23Db 
strain guage. 

Two phases of the cardiac cycle were measured directly: 
total electromechanical systole (Q-S2) and the left ventric- 
ular ejection time (LVET). The Q-S» interval was mea- 
sured from the onset of ventricular depolarization to the 
beginning of the initial high frequency vibrations of the - 
second heart sound. The LVET was measured from the be- 
ginning upstroke to the trough of the incisural notch of the 
carotid arterial tracing. The left ventricular preejection pe- 
riod (PEP) was derived by subtracting LVET from Q-S». 
All intervals were calculated as the mean of measurements 
from 10 consecutive beats, each read to the nearest 5 msec. 
The systolic time intervals were corrected for heart rate by 
linear regression equations previously reported?:!? and were 
expressed as the respective systolic time interval indexes 
(preejection period index [PEPI] and left ventricular ejec- - 
tion time index [LVETI]). The indexes are calculated as 
the sum of the measured interval and the product of the 
observed heart rate and the appropriate normal regression 
slope (index = observed interval + regression slope X heart 
rate). 

Phonocardiograms: In the detection of third and fourth 
heart sounds, phonocardiographic recordings were made at 
four precordial positions in each patient with a microphone - 
of the contact type (EFM model PSA 23, 1.5 cm disk), in a 
frequency band of 50 to 500 hertz with the microphone 
placed (1) in the second intercostal space at the right 
parasternal line, (2) in the second intercostal space at the 
left parasternal line, (3) in the fourth intercostal space at 
the left parasternal line, and (4) at the point of maximal 
impulse on the precordium. If the point of maximal im- 
pulse was not palpable, the recording was made from the 
fifth left intercostal space in the midclavicular line. All pa- 
tients were studied in both the supine and the partial left 
latéral decubitus positions. A third or fourth heart sound 
gallop was considered present when a consistent low fre- 
quency vibration of sufficient amplitude to be at least twice 
the baseline amplitude was clearly evident in early third 
sound or late (fourth sound) diastole. The timing of the 
gallop sounds was confirmed in simultaneous recordings of 
the apex cardiogram. 

Echocardiographic measurements: The echocardio- 
gram was recorded with a Unirad series 100 echograph 
using a 2.25 megahertz, 1.25 cm diameter transducer fo- 
cused at 5 or 7.5 cm. The repetition rate was 1,000/hertz. 
The output of the echograph was continuously displayed 
and recordings were made at a paper speed of 25 and 50 
mm/sec with use of a Tektronix recorder. An electrocardio- 
gram was recorded simultaneously. The patients and nor- 
mal subjects were examined in the supine or partial left lat- 


eral decubitus position. The transducer was placed perpen- 
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dicular to the surface in the fourth left intercostal space the transducer, together with simultaneous adjustment of 











just left of the sternum. Occasionally the transducer had to depth compensation, was necessary to display a clear image 
be moved to the third or fifth left intercostal space to ob- of these echoes. 

r tain resolution of the interventricular septum and posterior Measurements of end-diastolic and end-systolic diame- 
wall endocardial echoes. The ultrasonic beam was directed ters were made only when the echogram demonstrated 
posteriorly and slightly medially until the echogram of the clear definition of the endocardial echoes of the left side of 
anterior leaflet of the mitral valve was identified. The the interventricular septum, the posterior wall of the left 
transducer was then rotated inferolaterally until the echoes ventricle and the inferior mitral valve apparatus. To mini- 
from the endocardial surface of the interventricular septum mize error in estimating left ventricular performance with 
and the posterior left ventricular wall were clearly visual- the single beam echocardiogram, patients exhibiting ab- 
ized in a position where the inferior mitral valve apparatus sent, atypical or paradoxical motion of the septum or those 
echoes (inferior edges of both mitral valve leaflets or chord- with less than 1 mm of motion of the septum or posterior 
ae tendineae) were clearly evident. Careful manipulation of wall were not included in the study. To minimize the influ- 
TABLE I 
Summary of Clinical and Noninvasive Data 

NYHA 
Functional 
Class 
cera >. Hoe (ye)... 7—————- Site of Vessel PEP/ 
no. & Sex D-F Angina S, S, C/T Old MI Involved HR PEPI LVETI LVET %AD  Vcf Dd 
à 1 56M | I -— + Abn AS LAD 61 126 422 0.32 37 1.2 59 
2 46M | II — + N D RCA, LCx 61 154 364 0.50 25 1.0 65 
3 48M | IH —- — N D LAD, RCA, 83 143 376 0.47 27 1.1 45 
LCx 
4 50M | | — + N D RCA, LCx 77 221 371 0.79 15 0.6 65 
5 28M | H -= + N AL RCA, LAD 84 140 392 0.43 31 TZ: Dm 
6 46M | IV — — N D LMCA, RCA, 66 166 349 0.59 23 1.0 57 
LAD 
7 40M | | + + N D LCx 74 124 420 0.32 32 1.3 57 
8* 50M | | + + Abn D RCA, LCx 69 160 361 0.54 25 1.0 56 
9 47M | | — — N AS — 63 146 389 0.43 29 1.0 58 
10 40M | Hl — + N D LAD, RCA, 58 160 384 0.49 23 0.8 69 
LMCA 
PT? 46M | | — — N D — 58 155 401 0.44 29 1.0 58 
12 63F | II — + Abn AS — 84 152 378 0.48 26 1.1 64 
13 50M | H — — N AS LAD 69 170 407 0.49 27 0.9 62 
14 49M | I — N AS LAD, LCx 71 124 407 0.34 35 1.2 51 
15 56M | I — + Abn D — 88 149 372 0.51 25 1.1 55 
16 47M | | — — Abn D RCA 65 132 394 0.37 35 1.2 46 
17 50M | II — — N AS LAD 78 149 403 0.44 28 1.0 68 
18 47M | Hl — + N D RCA 84 131 406 0.37 37 1.4 60 
19 58M | Hl — * Abn D, AL RCA, LCx 67 150 377 0.48 27 1.0 44 
20 72M | Hl — — N D RCA 58 138 373 0.42 31 1.1 45 
"Abs 61F H | + — Abn AS — 74 181 342 0.67 15 0.7 60 
h 22 43M H Hl — — N D LAD, RCA, 74 162 409 0.47 28 1.0 50 
LCx 
23 50M I | — — N D RCA, LAD, 87 163 387 0.54 25 0.8 57 
| LCx 
24* 71M HH Hl * B N AL — 69 160 342 0.59 20 0.9 69 
25 59M H Hl — — N D, AL LCx, LAD, 82 131 401 0.37 33 1.2 55 
RCA 
26 73M E I — — N AL — 51 126 393 0.35 35 1.0 46 
27 43M I Hl — — N D, AS LAD, RCA 82 166 376 0.56 24 1.0 62 
28* 60M H | — + N D, AL LAD, RCA 82 165 365 0.58 24 TA 50 
29 53F H Hl E * N D, AS LAD, RCA 67 169 388 0.52 26 0.9 47 
30 55M l1 Hl — + N D LMCA, LAD, 92 178 393 0.59 26 1.1 54 
LCx, RCA 
34 75M H Hl — + N AS — 58 129 398 0.35 30 1.0 50 
32 66M II | + 4 Abn AS LAD, LCx, 88 190 334 0.84 15 0.8 73 
RCA 
dd" 63F Hl Hl + + Abn AS — 62 145 366 0.45 29 1.1 56 
34* 72M IV | + + Abn AL — 109 159 352 0.69 16 1.0 59 
35 52M Ht Hl — + N D LAD, LCx, 70 163 397 0.49 27 1.0 48 
RCA 
36 53M il | — — Abn D, AS RCA, LAD 96 154 361 0.59 17 0.8 65 
37* 43M H1 | + + Abn D, AS — 93 161 386 0.54 21 0.9 56 





* Patients receiving digitalis. 

Abn = abnormal; AL = anterolateral; AS = anteroseptal; C/T = cardiothoracic ratio; D = diaphragmatic; Dd = end-diastolic diameter (mm); 
D-F = dyspnea or fatigability, or both; HR = heart rate (beats/min); LAD = left anterior descending coronary artery; LCx = left circumflex 
coronary artery; LMCA = left main coronary artery; LVETI = left ventricular ejection time index (msec); MI = myocardial infarction; N = 
normal; NYHA = New York Heart Association; PEP! = preejection period index (msec); PEP/LVET = ratio of preejection period to left ventric: 
ular ejection time; %AD = percent change in minor axis diameter during systole; RCA = right coronary artery, S, = third sound gallop; S, = 
fourth sound gallop; Vcf = mean circumferential fiber shortening rate (circumferences/sec); — = absent; + = present. 
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|. ence of concurrent valvular foem on performance mea- for male subjects in the normal and patient groups. The 
y surements, persons with an audible systolic murmur great- data for the normal persons fell within +2 standard devia- 
-er than grade 1/6 were also excluded from the study. tions of the previously published normal range of values for 
$ The left ventricular echocardiographic dimensions mea- systolic time intervals?!? and echocardiographic mea- 
- sured included the end-diastolic and end-systolic diame- sures!” of left ventricular performance. 
— ters. The end-diastolic diameter (Dd) was measured as the 
~ greatest distance between the endocardial echoes of the in- Results 
E terventricular septum and the left ventricular posterior 


wall at the time of peak deflection of the QRS complex. 
The end-systolic dimension (Ds) was measured as the point 
of closest systolic approximation of the interventricular 
 . septum and posterior wall endocardial echoes. The mea- 

_ surements derived from these data included the percent 
. change in minor axis diameter (%AD) calculated as Dd-Ds 
X 100/Dd and the normalized mean rate of circumferential 
shortening (Vcf) calculated as Dd-Ds/Dd X LVET and ex- 

. pressed in circumferences/sec. The LVET for this measure- 
_ ment was derived from the carotid arterial pulse tracing as 

. described. 

_ Coronary arteriography: Among 26 patients the extent 

. of coronary artery disease was assessed by selective coro- 

— nary cinearteriography. All angiograms were performed 

— with the Sones technique! utilizing the 9 inch mode of a 

. dual field X-ray image intensifier system with manual in- 

-~ jections of Renografin® 76 (sodium and meglumine diatri- 
zoates). Recordings were made on 35 mm film at 60 frames/ 
. sec. The coronary angiograms were obtained in the left and 
pet anterior oblique views. The degree of coronary artery 
. disease was assessed without knowledge of the noninvasive 
. observations by two of us, who reached a consensus as to 
— the number of arteries involved with 70 percent or greater 
- obstruction. The occurrence of 70 percent or greater ob- 
- struction in the left main coronary artery was classified as 
_ two vessel involvement. 

_ Statistical analysis: This was performed with the aid of 
a Hewlett-Packard desk-side computer (model 9810A). 
_ The patients were selected consecutively after having met 
the clinical criteria for previous myocardial infarction, the 
- absence of a murmur of mitral regurgitation greater than 
grade 1, and the aforementioned criteria for measurement 
. of the echocardiographic variables. The Student t values, a 
measure of the dispersion of the group means relative to 
he respective variances, were compared to determine the 
g dividual systolic time interval and echocardiographic 
measurements that best separated the normal group from 
i the patients with documented myocardial infarction. In de- 
P Bnin the incidence of abnormality of left ventricular per- 
_ formance, data falling beyond 2 standard deviations from 
-. the normal population mean were employed. A patient was 
- considered to have abnormal left ventricular performance 
if the ratio of preejection period to left ventricular ejection 
time (PEP/LVET) exceeded 0.42 or the percent change in 

$ minor diameter (%AD) was less than 30 percent. These sys- 
- tolic time interval and echocardiographic measures proved 

= to be the most sensitive indicators of difference between 
- the normal data and those of patients with previous infarc- 
tion. 

— The normal group included normal subjects and ambula- 

- tory patients with no evidence of cardiovascular disease by 

_ history, physical examination, electrocardiogram or chest 
X-ray film. Since only minimal age-determined differences 
in systolic time intervals and no age-determined differ- 
ences in echocardiographic measures of left ventricular per- 
formance have been noted in adults, age was not matched 

E in control and patient groups. Since there is a small but sig- 

nificant difference in left ventricular ejection times in men 

E and women, the data for this variable were compared only 
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The clinical findings relative to the classification of 
symptoms, presence of diastolic heart sounds, car- 
diothoracic ratio, site of previous myocardial infarc- 
tion defined electrocardiographically, coronary arte- 
riographic findings and systolic time interval and 
echocardiographic measurements are summarized in 
Table I. Of the 37 patients 20, were asymptomatic 
(class I) for dyspnea and fatigability and 13 were 
asymptomatic for angina. The mean data for systolic 
time interval and echocardiographic measurements 
for the normal group and all patients with previous 
myocardial infarction are shown in Table II. Signifi- 
cant deviation from the normal values for each sys- 
tolic time interval and echocardiographic measure 
was found among the patients with previous infarc- 
tion. 

Relation to symptoms: Table IIIA shows the pre- 
ejection period and left ventricular ejection time in- 
tervals corrected for heart rate and expressed as 
PEPI, LVETI and PEP/LVET in normal persons 
and patients with previous myocardial infarction, 
classified according to the severity of symptoms of 
dyspnea or fatigability or both. In each functional 
class of patients there was a significant deviation of 
the mean data from normal. There was increasing ab- 
normality in all systolic time interval measures with 
increasing severity of dyspnea and fatigability. 

The same table shows the systolic time intervals 
classified according to the severity of angina pectoris 
in patients with previous myocardial infarction. No 
patient had angina at the time the recordings were 
obtained. In contrast to the findings when the pa- 
tients were grouped according to the presence of 
dyspnea or fatigability, or both, there was no consis- 
tent variation in the deviations of the systolic time 
intervals from normal with increasing severity of an- 
gina. Significant deviation in PEP/LVET from nor- 
mal was present in all functional classes. The preejec- 
tion period and left ventricular ejection time indexes 
differed significantly from normal in patients in class 
I and class II-IV but not in those in class II. 

Table IIIB shows the measurements of percent 
change in minor axis diameter (%AD), the mean cir- 
cumferential shortening rate (Vcf), and the diastolic 
diameter (Dd) in normal persons and patients with 
previous myocardial infarction, classified according 
to the severity of the symptoms of dyspnea and fati- 
gability. In each functional class there was a highly 
significant deviation of the mean data from normal. 
There was increasing abnormality in each echocardi- - 
ographic measure with increasing severity of symp- 
toms. 

'The same table shows the echocardiographic data 
grouped according to the classification of the clinical 
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severity of angina pectoris. À significant deviation in 
each echocardiographic measure from normal was 
present in all groups of patients. In contrast to the 
findings when patients were classified according to 
the severity of dyspnea and fatigue, there was no in- 
crease in the magnitude of the deviation in the echo- 
cardiographic data from normal with increasing se- 
verity of angina pectoris. 

PEP/LVET and %AD in asymptomatic pa- 
tients: Since the PEP/LVET and 96AD encompass all 
of the primary noninvasive determinations in this 
study and since they best permit differentiation of 
normal and abnormal groups (Table II) for the sys- 
tolic time interval and echocardiographic data, re- 
spectively, they alone are presented in subsequent 
analyses in this study. 

The distribution of individual data for PEP/LVET 
and %AD among the patients who were asymptomat- 
ic (class I) for dyspnea and fatigability, angina pecto- 
ris and for all symptoms is illustrated in Figures 1 
and 2. Abnormal left ventricular performance, as de- 
fined by PEP/LVET and %AD measurements that 
fell beyond 2 standard deviations from the normal 
mean, occurred in 65 percent or more of the asymp- 
tomatic patients. The distribution of the left ventric- 
ular performance data for the PEP/LVET and %AD 
measurements was virtually the same for each group 
of patients. The data demonstrate the large incidence 
of abnormality in left ventricular performance among 
asymptomatic patients with previous myocardial in- 
farction. 

Relation of third and fourth sound gallops and 
cardiothoracic ratio to left ventricular perfor- 
mance: The occurrence of phonocardiographically 
documented third and fourth sound gallops and their 
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TABLE II 


Noninvasive Measures of Left Ventricular Performance in 
25 Normal Subjects and 37 Patients With Previous 
Myocardial Infarction (mean + standard error of the mean) 


Student's 
Normal Patients t Value 
Systolic time intervals 
PEPI (msec) 128 154 5.53 
+ 2.7 + 3.3 
LVETI (msec) 403 382 4.24 
+ 2.8 + 3.6 
PEP/LVET 0.35 0.50 5.79 
+ 0.01 + 0.02 
Echocardiographic measures 
Dd (mm) 46 56 5.67 
+ 1.1 + 1.2 
Vcf (circumferences/sec) 1.2 1.0 5.78 . 
+ 0.02 + 0.03 
96A D 34 26 6.07 
t 0.4 t 1.0 


Differences from normal significant to P «0.001 for all data. 
Abbreviations as in Table |. 


relation to left ventricular performance is summa 
rized in Table I. This relation should be considered ir 
light of the finding of abnormal left ventricular per 
formance in 76 and 73 percent of all patients in thi: 
study by the PEP/LVET and 96AD measures, respec 
tively. 

A third sound gallop was recorded in 22 percent o: 
all patients. It was relatively infrequent among pa 
tients with abnormal left ventricular performance (2: 
and 26 percent, respectively, of those abnormal by 
PEP/LVET and 96AD). It was less frequent (11 anc 


Noninvasive Measures of Left Ventricular Performance in 25 Normal Subjects and 37 Patients With Prior Infarction 
Grouped by Functional Class (mean + standard error of the mean) 


Patients With Prior Infarction (N YHA Class) 





Dyspnea and Fatigability Angina 
Normal 
Subjects | (20) 11 (11) III—IV (6) | (13) I! (9) Il —IV (15) ; 
A. Systolic Time Intervals i 
PEPI (msec) 128 150 157 162 162 141 153 l 
t 2.8 +49 + 5.7 + 6.1 + 6.9 + 6.3 + 4.1 3 
LVETI (msec) 403 387 381 366 374 393 382 | 
t 2.8 t45 t 6.9 +9.4 + 6.9 + 6.3 + §.2 : 
PEP/LVET 0.35 0.46 0.51 0.60 0.56 0.43 0.48 
+ 0.01 + 0.02 + 0.03 + 0.06 + 0.04 + 0.02 + 0.02 
B. Echocardiographic Measures 
Dd (mm) 46 57 55 59 58 58 54 
+.1.2 +1.8 a AEA t3. t 1.9 4.265 EZA 
Vcf (circum- 1.2 1.1 1.0 1.0 1.0 1.1 1.0 
ferences/sec) + 0.02 + 0.04 * 0.03 + 0.04 * 0.06 + 0.03 + 0.03 
96A D 34 28 26 21 23 30 27 
+ 0.4 e ai t 1.8 t 2.4 +19 E ee: + 1.0 


Differences from normal were significant to P «0.01 for all systolic time interval data except for class I| angina (PEPI = P <0.05; LVETI : 
not significant). They were significant to P «0.001 for all echocardiographic data in patients with dyspnea and Tatigebitity, to P «0.01 in pa 


tients with angina. 


Figures in parentheses indicate number of patients. Abbreviations as in Table |. l 
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E. percent, respectively) among those with normal 
lef t ventricular performance by PEP/LVET and 
_ %AD. Patients with a third sound gallop had a very 
"E nigh incidence rate of abnormal left ventricular per- 
“for ‘mance (88 percent for both PEP/LVET and 
-— 96A D ). But the rate was also high in patients without 
— thi s finding (69 percent for PEP/LVET, 72 percent 
d for 
: 2 fourth sound gallop was recorded in 57 percent 
f patients. It was common both in patients with ab- 
ormal left ventricular performance (61 percent for 
- PEP/LVET, 5996 for %AD) and in those with normal 
r performance (44 percent for PEP/LVET, 50 percent 
for %AD). In patients with a fourth sound gallop the 
p incidence rate of abnormal left ventricular perfor- 
- mance (81 percent for PEP/LVET, 76 percent for 
S %AD) was slightly higher than in patients without 
S this finding (69 percent for PEP/LVET and 96AD). 
4 Es Thus neither a third nor a fourth sound gallop 
. could clearly separate the patients with abnormal left 
_ ventricular performance from those with normal per- 
formance. 
P * "d abnormal cardiothoracic ratio was found in 32 
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FIGURE 2. Distribution of % AD among patients with previous myo- 
cardial infarction grouped as in Figure 1. 


patients with abnormal left ventricular performance 
by PEP/LVET and %AD. Of patients with normal 
left ventricular performance by these measurements, 
22 and 20 percent, respectively, had an abnormal car- 
diothoracic ratio. Patients with an abnormal ratio 
had a high prevalence rate (83 percent) of abnormal 
left ventricular performance by both measures. Pa- 
tients with a normal ratio had a slightly lower rate of 
abnormal performance (72 and 68 percent, respec- 
tively, for PEP/LVET and %AD). Thus, an abnormal 
cardiothoracic ratio did not reliably distinguish the 
group of patients with abnormal left ventricular per- 
formance. 


Relation to electrocardiographically defined — 


site of myocardial infarction: The distribution of 
PEP/LVET and %AD was studied relative to the site 
of previous myocardial infarction defined electrocar- 
diographically. For purposes of comparison, patients 
in the study with anteroseptal and anterolateral myo- 
cardial infarction were considered to have anterior 
myocardial infarction. This group was compared with 
patients with diaphragmatic myocardial infarction 
and with patients with combined sites of previous in- 
farction. In all three groups a high incidence rate of 
abnormal left ventricular performance was defined 
by both noninvasive measures: 71 percent by PEP/ 
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.. LVET and 64 percent by %AD among patients with 
- anterior myocardial infarction and 75 percent by 


both measures among patients with diaphragmatic 
myocardial infarction. Among patients with multiple 
sites of myocardial infarction, abnormal left ventric- 
ular performance was present in 86 percent by both 
measures. 

Relation to severity of coronary arterial ob- 
struction: The distribution of the PEP/LVET and 
%AD measurements in the presence of 70 percent or 
greater obstruction of one, two or three coronary ar- 
teries is illustrated in Figures 3 and 4. Abnormal left 
ventricular performance, defined by PEP/LVET, was 
present in 29 percent of patients with obstruction of 
one artery, 90 percent of those with.obstruction of 
two arteries and 89 percent of those with obstruction 
of three coronary arteries. The distribution of the 
96AD data was similar to that for PEP/LVET. Among 
the few patients with one obstructed artery, there 
was no relation between the level of abnormal ven- 
tricular performance and the specific site of the ob- 
struction. 

Relation between systolic time interval and 
echocardiographic measures of left ventricular 
performance: The relation between PEPI, LVETI 

and PEP/LVET and the %AD, Vcf and Dd among all 
the patients in this study is shown i in the correlation 
matrix in Table IV. For the relation %AD to PEP/ 
LVET the correlation coefficient was 0.93. This rela- 
tion is illustrated in Figure 5 for the normal subjects 
and the patients with documented myocardial infarc- 
tion. The data for the normal subjects clustered with- 
in the narrow normal range. Throughout the abnor- 
mal range of data increases in PEP/LVET ran closely 
parallel to decreases in %AD. 


Discussion 


A primary aim of this investigation was the eluci- 
dation of the relation of abnormalities in left ventric- 
ular performance as defined by systolic time intervals 
and echocardiographic measures to other clinically 
definable abnormalities among patients with pre- 
viously documented transmural myocardial infarc- 
tion. The systolic time interval and echocardiograph- 
ic measures were employed as reference measures for 
judging abnormalities in left ventricular perfor- 
mance. Alterations in each of these measures closely 
parallel changes in other physiologic variables, such 
as left ventricular ejection fraction and indexes of left 
ventricular contractile performance derived from di- 
rect intracardiac interventions.!-1? 

Our data reveal that reliance on the presence of 
dyspnea and fatigability will detect abnormal left 
ventricular performance only in patients with ob- 
vious and severe symptoms. A high incidence rate of 
abnormal left ventricular performance exists among 
asymptomatic patients who have recovered from a 
previous myocardial infarction. Thus, abnormal left 


ventricular performance, as revealed by systolic time 


interval and echocardiographic measures, is clearly 
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TABLE IV 


Correlation Between Systolic Time intoa aud | 
Echocardiographic Data in Patients With Previous 
Myocardial Infarction 


%AD Vcf Dd 


PEPI —0.81 —0.77 (040 - 
LVETI 0.77 0.51 —0.30. 
PEP/LVET —0.93 30.322 0.44 — 


P «0.01 for r = 0.42. 
Abbreviations as in Table |. 


more prevalent than the presence of symptoms ca 
indicate. Among the systolic time intervals and echo 
cardiographic measures, the ratio of preejection peri 
od to left ventricular ejection time (PEP/LVET) an 
percent change in minor axis diameter (%AD), re 
spectively, proved to be the most sensitive in detect 
ing the abnormal performance. 

Relation to third and fourth heart sound 
When the PEP/LVET and %AD were related to tk 
presence of phonocardiographically documente 
third and fourth sound gallops, it was clear that thes 
latter clinical indicators failed to distinguish reliab! 
patients with abnormal left ventricular performanc 
Phonocardiographically detectable gallop sounc 
were employed in this analysis, since the findin; 
provide more objective end points for determinir 
the presence of third and fourth sound gallops tha 
clinical auscultation provides. Further, the findin; 
on phonocardiographic analysis lend information o 
the maximal yield that may accrue in detecting tł 
auscultatory event. The third and fourth sound ga 
lops are reflections of alterations in the dynamics : 
ventricular filling in patients with left ventricul; 
disease.!8 That changes in the diastolic function 


N:62 
r:-.93 
P<,001 
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FIGURE 5. Relation between PEP/LVET and %AD in 25 norm 
subjects (open circles) and 37 patients with previous myocardial ii 
farction (closed circles). Cross bars represent +2 standard € 
tions about mean normal data. 
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be f the! left S ehiitelà may not parallel those in systolic 

performance i is not unexpected. That changes in dia- 
hs stolic filling dynamics of the ventricle may occur even 
f when left ventricular systolic performance remains 

compensated is reflected in the frequent finding of a 
_ fourth sound gallop among patients who had normal 
left ventricular performance by systolic time interval 
and echocardiographic measures. Hence a fourth 
"sound gallop is a relatively ineffective indicator of 
- abnormal left ventricular systolic performance. The 
i third sound gallop is more sensitive than the fourth 
. in discriminating the presence of abnormal left ven- 
Se tricular systolic performance; however, it is limited 
D. clinically since it is absent in most patients who have 
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Zu time interval and echocardiographic measures. 
E. . Relation to cardiothoracic ratio: The radiologic 
3 - size of the heart as reflected in the commonly used 
cardiothoracic ratio is widely accepted as a clinical 
. means for detecting an abnormal left ventricle in pa- 
_ tients with coronary artery disease. In our studies, 
- the finding of an abnormal ratio failed to distinguish 
Bi . reliably most patients with abnormal left ventricular 
3 ‘performance. These data add to recent findings!9?9 
_ demonstrating that in the absence of obvious cardio- 
2  megaly radiologic indexes for estimating heart size 
- are insensitive indicators of left ventricular dysfunc- 
t pmi in patients with coronary artery disease. 
Relation to site of infarction: In patients with 
I Eedse anterior or diaphragmatic myocardial in- 
_ farction, the site of the infarction did not influence 
- the range or incidence of abnormal left ventricular 
. performance. However, patients with multiple sites 
— of previous infarction, as defined by electrocardio- 
-graphic abnormalities in initial depolarization forces 
Erected anteriorly and inferiorly, tended to have 
. more severe abnormalities in left ventricular perfor- 
mance. It has been suggested?! that during the acute 
. phase of myocardial infarction, patients with anterior 
or anteroseptal infarction have more severe abnor- 
B ralitias in left ventricular performance than those 
with inferior infarction. Our data suggest that al- 
E Y kouzh such differences may occur during the early 
_ phase of infarction, the survivors of the event do not 
— show such differences. Whether this finding is relat- 
- ed to a selection process whereby patients with ante- 
. rior myocardial infarction who survive are those with 
Ps better left ventricular function or whether the heal- 
E. ing process equalizes such initial differences in per- 
e formance must await further investigation. 
E Relation to severity of coronary artery disease: 
m. A striking relation was that between the number of 
E coronary arteries with 70 percent or more obstruction 
and an abnormal left ventricular performance by 
-= PEP/LVET and 96AD measures. Thus, fewer than 30 
~ percent of patients with previous myocardial infarc- 
- tion and one vessel disease demonstrated abnormal 
left ventricular performance compared with more 
— than 80 percent of patients with two or three vessel 
. disease. The low rate of abnormal performance 
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among patients with one vessel disease is notable in 
view of the high rate of abnormal performance for the 
entire series. These data are in accord with the recent 
studies of Moraski et al.?? demonstrating that the ex- 
tent of coronary arterial obstruction is a major deter- 
minant of the extent of left ventricular dysfunction 
in coronary artery disease. 

Correlation of systolic time interval and echo- 
cardiographic measures: Of special interest in this 
study was the close relation between values for the 
extent of abnormal left ventricular performance as 
measured by the two noninvasive approaches. The 
systolie intervals are a measure of the temporal se- 
quence of the cardiac cycle and hence reflect the per- 
formance of the entire left ventricle during systole. 
'The extent and rate of change in the diameter of the 
minor axis reflect the dynamic events in one cross- 
sectional area of the ventricular chamber. In the left 
ventricle with a generalized diminution in contrac- 
tion, the changes in minor axis diameter parallel 
overall chamber performance so that a close correla- 
tion of systolic interval changes with alteration in 
minor axis diameter (and circumference) would be 
expected. However, when there is regional disease of 
the left ventricular chamber, as is the situation in 
coronary artery disease, one may theoretically expect 
disparities between localized wall motion at the . 
minor axis level and overall left ventricular chamber 
dynamics. Why then would a close correlation hold 
between systolic time interval and single beam echo- 
cardiographic measures of left ventricular perfor- 
mance in the patients with previous myocardial in- 
farction studied herein? 

A most likely explanation lies in the selection of 
patients for the study. Only patients with clearly ap- 
parent and normally directed motion of the interven- 
tricular septum and posterior wall of the left ventri- 
cle were studied in our series. In our experience ap- 
proximately 15 percent of patients with previous 
myocardial infarction demonstrate an abnormality in 
septal or posterior wall motion at the level of the 
minor axis. Exclusion of such patients, as was done in 
this series, will permit study of patients without ob- 
vious contraction abnormalities in these areas. The 
echocardiographic beam under such circumstances 
visualizes the contractile pattern at the level of the 
minor axis in either compensated or noninvolved 
myocardial areas. 

The high degree of correlation between systolic 
time intervals and the echocardiographic measures of 
ventricular performance in this series suggests that 
when one excludes patients with echocardiographi- 
cally apparent regional disorders of contraction in 
the septum or high posterior wall, the areas visual- 
ized by the echocardiographic beam permit rather ac- 
curate assessment of overall left ventricular perfor- 
mance. It is to be expected that even with exclusion 
of patients with obvious abnormality in motion at the 
minor axis level some patients with severe abnormali- 
ties in apical or lateral wall motion (patients with an- 
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eurysms, for example) will demonstrate disparity be- 
tween the minor axis motion and overall ventricular 
performance. 

t Clinical implications: All patients in our series 
had at least one episode of myocardial infarction. 
The high incidence rate of abnormal left ventricular 
performance in these patients is consistent with re- 
cent findings???? demonstrating that among patients 
with coronary artery disease, those who have sus- 
tained a previous infarction have the greatest deteri- 
oration of left ventricular performance, as evidenced 
by direct hemodynamic measures. This impression is 
supported by observations in our laboratory indicat- 
ing that patients with angina pectoris without a pre- 
vious infarction have a relatively lower incidence rate 
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of abnormal left ventricular performance at rest as 
assessed by noninvasive measures. | | 
Our data support the application of the noninva- 
sive methods of systolic time interval and echocardi- 
ographic measures in clinical practice and clinical in- 
vestigation in coronary artery disease. The high de- 
gree of sensitivity in detecting left ventricular dys- 
function and their ease of performance should permit 
studies in large numbers of patients with coronary ar- 
tery disease. Because a high incidence rate of abnor- 
mal left ventricular performance has been defined 
among patients with previous myocardial infarction 
it is now necessary to investigate whether the level of 
abnormality detected by these methods relates to 
prognosis or has therapeutic implications. ^£ 
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To delineate the relative effects on left ventricular function of the site, 
extent and nature of abnormal left ventricular segmental contraction 
(dyssynergy) and thereby determine the mechanism by which anterior 
myocardial infarction results in greater depression of left ventricular 
performance than does inferior infarction, 43 patients with remote 
myocardial infarction of similar extent (average 38 percent of left ven- 
tricular systolic perimeter) and associated hypokinesia or dyskinesia 
confined to either the anterior or inferior wall were compared; 10 addi- 
tional patients were evaluated who exhibited generalized dyssynergy 
(72 percent of left ventricular perimeter). When the pattern of dyssyn- 
ergy and extent of infarction were similar, the location alone of dyssyn- 
ergy did not influence variables of left ventricular function. However, 
paradoxical outward systolic movement (dyskinesia) of the anterior or 
inferior wall resulted in greater depression (P <0.05) of measures of 
left ventricular performance than did diminished inward systolic motion 
(hypokinesia) associated with infarction of similar extent and location. 
All measures of left ventricular performance were considerably more 
depressed (P <0.05) in the 10 patients with generalized dyssynergy 
than in the 43 patients with localized dyssynergy. Thus, the location of 
infarction is not a unique determinant of left ventricular performance. 
Instead, the size of infarction is the principal characteristic of dyssyn- 
ergy that impairs left ventricular function; the severity of the pattern of 
dyssynergy is significant but of lesser importance. It is therefore con- 
cluded that the greater reduction of left ventricular function in anterior 
than in inferior myocardial infarction is largely the result of the more 
extensive area of necrosis rather than of the location of the infarction. 


Although cardiogenic shock occurs more frequently in patients with 
acute infarction of the anterior than of the inferior wall,!-? and im- 
pairment of left ventricular performance is greater in patients who 
have chronic ischemic heart disease with remote anterior than with 
remote inferior necrosis,*-!! the observation that the site of infarction 
is related to the degree cf pump dysfunction has not been explained. 
This investigation was undertaken to determine the relative contri- 
butions of the location, extent and nature of regional left ventricular 
contraction abnormalities to disturbances of cardiac performance in 
patients with chronic coronary heart disease. By comparing the he- 
modynamic effects of quantitatively and qualitatively similar abnor- 
malities of segmental contraction confined to either the anterior or 
the inferior ventricular wall, we evaluated the possibility that the 
location itself is a unique determinant of left ventricular perfor- 
mance. The relative influence of different patterns of disordered seg- | 
mental contraction on left ventricular function was studied by ana- 


lyzing alterations in pump dynamics i in E piienjs in whom both the 
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site and extent of disturbed localized motion were 
constant. Finally, the size of the segmental abnor- 
mality was studied in relation to the degree of de- 
pressed ventricular performance. From these obser- 
vations in patients with a prior myocardial infarc- 
tion, it was possible to define the importance and in- 
dividusl roles of the site, nature and extent of abnor- 
mally contracting left ventricular segments in deter- 
mining the severity of pump dysfunction in chronic 
ischemic heart disease. 


Methods 


The study group consisted of 53 patients, 40 men and 13 
women aged 39 to 68 years (mean 54 years), with arte- 
riographically defined coronary arterial obstruction (great- 
er than 75 percent stenosis of one or more of the three 


- major coronary arteries) and remote (more than 4 months 


previously) myocardial infarction determined by standard 
electrocardiographic criteria. Each patient was selected in 
a consecutive manner according to specific characteristics 
of regional abnormalities of left ventricular contraction 
(described later) from a large group of patients with coro- 
nary artery disease undergoing selective coronary arteriog- 
raphy and cardiac catheterization. 

Biplane left ventriculography was performed in the 30° 
right anterior oblique and 60° left anterior oblique projec- 
tions using 35 mm film taken at 64 frames/second and a 
Philips 9 inch (22.5 cm) image amplifier system. Ventricu- 
lar opacification was accomplished with 50 to 75 cc 
Hypaque-M,® 75 or 76 percent, containing sodium and me- 
glumine diatrizoates injected at 250 to 350 Ib/in.? through 
an angiographic catheter. The first cardiac cycle in which 
the left ventricular cavity was completely opacified by con- 
trast material and that occurred at least two beats after any 
premature ventricular contraction was utilized to deter- 
mine the end-systolic and end-diastolic silhouettes of the 
chamber. No patient exhibited mitral regurgitation. 

Analysis of left ventricular contraction abnormali- 
ties: From the most recent 300 patients with coronary ar- 
tery disease undergoing biplane left ventriculography and 
selective coronary arteriography in our laboratories, 43 
were meticulously selected on a consecutive basis for evalu- 
ation in conformance to precise criteria that provided seg- 
regation of the variables of left ventricular disorders to 
those under assessment in this study. The location, extent 
and pattern of abnormal left ventricular segmental con- 
traction were studied to determine their separate contribu- 
tions to the degree of disturbance of cardiac pump perfor- 
mance. Accordingly, each patient was selected for evalua- 
tion on the basis of a localized abnormality of ventricular 
segmental contraction of similar size involving approxi- 
mately 40 percent of the left ventricular systolic endocar- 
dial perimeter confined to either the anterior or the inferior 
wall as viewed in the right anterior oblique projection. To 
assure accuracy of the assessments of the location and the 
quantification of the extent of abnormal segmental con- 
traction, as well as to ascertain the precise nature of dys- 
synergy, the right anterior oblique projection was utilized 
for these evaluations.!?-!4 To assure further the precision 
of these measurements, the simultaneous left anterior 
oblique projection was also analyzed for the presence or ab- 
sence of disturbed wall motion to verify consistency with 
the appropriate location and pattern of dyssynergy as de- 
termined in the right anterior oblique view. Thus, anterior 
or inferior location as well as the nature of dyssynergy in 


sg i the t anterior onan projector were documented to 


be h in Acteoibd with both the site and the dtd. of f at 
normal wall motion as determined in the left anteric 
oblique projection; these characteristics were appropriatel 
in consort anterior or posterior to the major length axi 
drawn from the aortic valve plane to the left ventricule 
apex in the two oblique views. For example, when the are 
of dyssynergy was confined to the inferior wall with norm: 
segmental contraction of the anterior wall in the right antt 
rior oblique projection, the left anterior oblique view wt 
utilized to confirm (1) that septal motion was entirely no 
mal and (2) that the area of abnormal wall motion in tt 
right anterior oblique view was indeed inferior in locatio 
and identical in pattern. Thus, although the views of tk 
inferior segment in the right and left anterior oblique prí 
jections did not necessarily represent the identical se 
ment, both projections were examined to provide preci 
assessment of the location and nature of abnormal segme 
tal contraction. Therefore, an important criterion in th 
investigation was the demonstration in each patient of co: 
sistent sites and patterns of both normal and abnorm 
wall motion using the anterior and inferior divisions of t] 
left ventricle in the right and left anterior oblique views 
the manner delineated. 

Quantification of the extent of disturbed scanned 
contraction was accomplished in the right anterior obliqv 
projections!?-14 by determining the length of inner wall i1 
volvement with a map measurer and was expressed as th 
percent of total end- systolic perimeter. The total area : 
dyssynergy was included in the measurement of the extet 
of disordered contraction, and the pattern of dyssynerg 
was designated by the quantitatively dominant type. 

Specific patterns of localized abnormal left ventricult 
segmental contraction were classified as either hypokines 
or dyskinesia.!?-14 Hypokinesia was defined as diminishe 
regional systolic shortening in which there was less inwa 
excursion of the disturbed segment (greater than 15 pe 
cent decrease of end-diastolic short diameter) than in tl 
remaining unaffected area.!? Dyskinesia was defined : 
paradoxical outward systolic expansion (ventricular sad 
rysm) in which a portion of the end-systolic silhouette € 
tended outside the end-diastolic perimeter. Dyssyner; 
was used as a general term signifying either of these loci 
ized disorders of wall motion. 

Patient groups: There were five patient groups: Gro 
I, nine patients with hypokinesia localized to the anteri 
wall; Group II, eight patients with hypokinesia of the i 
rior wall; Group III, 14 patients with dyskinesia limited 
the anterior ventricular segment; Group IV, 12 pati 
with dyskinesia confined to the inferior wall; and cru 
an additional 10 patients who demonstrated generalize 

abnormal wall motion involving both the anterior and inf 
rior surfaces. 

Measures of left ventricular performance: Cardi 
index was determined in duplicate in each patient by t] 
Cardiogreen® dye-dilution technique with injection in 
the left ventricle and sampling at the brachial artery. Le 
ventricular volumes were quantified using the single pla 
right anterior oblique area-length method,!? and the eje 
tion fraction was calculated as the ratio between angi 
graphically determined stroke volume and end-diasto! 
volume. Angiographically determined mean velocity of ci 
cumferential fiber shortening (mean Vcr) in circumfere 
ces/sec was determined by the equation: (tDED-zD! 
S)/x DED X ejection time; where xDED = end- diastolic c 
cumference, DES = end-systolic circumference, and eje 
tion time = interval separating end-diastolic and end-sy 
tolic cine frames in seconds.!® Correction for isovolun 
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EF VCF (dP/dt.,)/LVEDV PEM 
0.59 + 0.03 1.14 + 0.14 15.2 € 1.5 0.039 
0.52 * 0.03 0.97 + 0.17 16.4 + 1.4 0.040 
0.46 * 0.03 0.71 + 0.13 11.9 * 1.3 0.049 
0.52 * 0.04 0.80 * 0.18 13.1 * 1.6 0.044 
0.27 * 0.04 0.48 + 0.10 6.9 + 1.1 0.074 


1 

» i 

E Comparative Values of Ventricular Function Variables (mean + standard error of the mean) 
| Group Dys LVEDP Ci LVEDV 

~~ 1(9) 36 + 2.8 10 * 1.6 2.9 + 0.11 92 £3 

 .. àB(8) 38 + 3.1 14 * 24 3.1 * 0.16 89 *4 

= ut(14) 41 £20 19 + 32 2.8 + 0.16 108 +3 

— 1v (12) 39 *24 13*1 2.9 * 0.15 103 +4 

E ee 72 + 3.2 21+ 3.3 2.3 € 0.15 154* 6 





x Soh aed in parentheses indicate number of patients. 


Cl = cardiac index (liters/min per m?); (dP/dt.,)/LVEDV = instantaneous rate of rise of intraventricular pressure at the common peak iso- 


Esse developed pressure of 50 mm Hg corrected for left ventricular end-diastolic volume index (mm Hg/sec per ml per'm?); Dys = dyssyn- 
|. ergy (percent of total systolic perimeter); EF = ejection fraction; LVEDP = left ventricular end-diastolic pressure (mm Hg); LVEDV = 
ventricular end-diastolic volume (ml/m?); PEM = passive elastic modulus (a constant): Vcr = mean velocity of circumferential fiber shortening 


|. 
ji (circumferences/sec). 
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contraction was accomplished by subtracting 50 msec from 
_ the total ejection time.!® Instantaneous rate of rise of intra- 
ventricular pressure (dP/dt) at the common peak isovolum- 
weie developed pressure of 50 mm Hg corrected for left ven- 
tricular end-diastolic volume index (LVEDV) as an index 
r^ of contractile state ([dP/dt5o]/LVEDV) was obtained utiliz- 
ing a high fidelity micromanometer catheter.!? 
An index of ventricular diastolic compliance was ob- 
5 b ‘tained by determination of left ventricular passive elastic 
- modulus! in which the relation between AP/AV and P is a 
- linear function, the slope (a constant) of which provides a 
T quantitative index of ventricular stiffness (AP - total 
^ change i in ventricular diastolic pressure; AV = total change 
in ventricular diastolic volume determined by stroke index; 
— P = mean ventricular diastolic pressure). Obtained from a 









7 ear relation; its slope a (passive elastic modulus) is specific 
. among normal hearts and distinctive for ventricles with a 
. given disease process, depending on relative chamber stiff- 


Results 


E. The extent of the left ventricular systolic perime- 
- ter exhibiting disturbed segmental contraction was 

similar (P >0.05) in each group with localized anteri- 
T or or inferior dyssynergy and was significantly great- 
er (P «0.01) in patients with generalized involvement 
- (Table I): Group I 36 percent (range 32 to 59 per- 
, cent) Group II 38 percent (29 to 54 percent); Group 
- III 41 percent (33 to 51 percent); Group IV 39 per- 
OMEN (28 to 46 percent); and Group V 72 percent (62 
to 81 percent). 

Location of dyssynergy: There were no signifi- 
cant differences (P >0.05) between Group I (anterior 
wall hypokinesia and Group II (equal extent of inferi- 

or wall hypokinesia) in any of the variables of left 
- ventricular function (Table I). Similarily, there were 
. no significant differences (P >0.05) between Group 
_ III (anterior wall dyskinesia) and Group IV (equal 
1 extent of inferior wall dyskinesia) in these variables, 

. except for mildly greater elevation (P «0.05) of left 

. ventricular end-diastolic pressure in Group III. 

. Nature of dyssynergy: Group III patients (anteri- 
- or wall dyskinesia) had greater depression of nearly 
all variables of left ventricular performance than did 
- Group I patients (anterior wall hypokinesia) (Table - 
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I): left ventricular end-diastolic pressure 19 versus 10 
mm Hg (P <0.05); left ventricular end-diastolic vol- 
ume (LVEDV) 108 versus 92 ml/m? (P <0.005); ejec- 
tion fraction 0.46 versus 0.59 (P «0.005); (dP/dtso)/ 
LVEDV, 11.9 versus 15.2 mm Hg/sec per ml per m? 
(P < 0.05); and Vcr 0.71 versus 1.14 circumferences/ 
sec (P <0.01). Group IV patients (inferior wall dyski- 
nesia) when compared with Group II patients (equal 
extent of hypokinesia of the inferior surface) had sig- 
nificantly greater left ventricular end-diastolic vol- 
ume (103 versus 89 ml/m^, P <0.05) and significantly 
more depression of (dP/dts9)/LVEDV (13.1 versus 
16.4 mm Hg/sec per ml per m?, P «0.05). In addition, 
Group IV patients tended to have greater abnormali- 
ty in the other measured variables of left ventricular 
performance. 

Extent of dyssynergy: Group V patients (general- 
ized dyssynergy consisting of an average of 26 per- 
cent [17 to 39 percent] dyskinesia and 46 percent [38 
to 61 percent| hypokinesia) demonstrated signifi- 
cantly more depression than did the other groups (P 
«0.01 to P «0.05) of each variable of ventricular 
function except for left ventricular end-diastolic 
pressure, which was slightly less elevated (P >0.05) 
in Group III (Table I). 

Ventricular compliance: There were no signifi- 
cant differences (P >0.05) in left ventricular diastolic 
stiffness in the four groups of patients with equal ex- 
tent of infarction (Table I). However, the left ventri- 
cle was significantly less compliant (P «0.05) in the 
Group V patients with generalized dyssynergy than 
in the other groups with less extensive infarction. 


Discussion 


Since Tennant and Wiggers?? first noted experi- 
mentally that coronary arterial ligation resulted in 
paradoxical systolic movement of the portion of the 
ventricular myocardium supplied by the obstructed 
artery, considerable data have been accumulated 
concerning the effects of abnormally contracting seg- 
ments on left ventricular function.1?-1421-2? The clin- 
ical studies by Klein, Herman and Gorlin and asso- 
ciates!?147! have defined the specific patterns of ab- 
normal ventricular segmental contraction and quan- 





tified the effects of these abnormally contracting seg- 
ments on various hemodynamic variables. Klein et 
al.!? found that both the end-diastolic pressure and 
volume increased, whereas stroke volume decreased 
in patients in whom at least 20 to 25 percent of the 
left ventricular surface was akinetic.!? In addition, it 
has been shown in clinical studies? that ejection 
fraction is reduced and end-diastolic volume in- 
creased in the presence of a noncontractile ventricu- 
lar area involving more than 20 to 30 percent of the 
area of the left ventricular internal surface. Further, 
in studies of experimentally induced myocardial in- 
farction, a direct relation has been demonstrated 
between the size of the resultant scar and reduction 
in left ventricular performance. Despite these experi- 
mental and clinical investigations suggesting a corre- 
lation between the extent of dyssynergy and cardiac 
dysfunction, the relative roles of the specific site of 
necrosis and the nature of disordered segmental con- 
traction as separate determinants of abnormal ven- 
tricular performance have not been clarified. 

Ventricular dyssynergy and left ventricular 
performance: To afford precise assessment of the 
individual contributions of the location, nature and 
extent of localized disorders of segmental contrac- 
tion, patients were carefully selected who demon- 
strated dyssynergy involving a similar extent of the 
left ventricular perimeter isolated to either the ante- 
rior or the inferior wall as viewed by biplane ventric- 
ulography. Since the degree of mechanical disadvan- 
tage induced by ventricular aneurysms has been 
shown to be a function of the age of the necrotic re- 
gion, and hence of the amount of fibrous tissue 
present,?? no patient who had an infarction less than 
4 months before the study was included. 

Patients carefully matched for similar extent and 
pattern of dyssynergy confined to either the anterior 
or the inferior ventricular wall demonstrated no sig- 
nificant differences (P >0.05) in variables of ventric- 
ular performance (Table I). Thus, our observations 
indicate that left ventricular hemodynamic and me- 
chanical abnormalities consequent to anterior or in- 
ferior necrosis are similar when the extent and pat- 
tern of dyssynergy are equivalent. In contrast, our 
study documents that impairment of ventricular 
function is greater (P «0.05) with dyskinesia than 
with hypokinesia when the location and size of the 
abnormally contracting area are equivalent (Table I), 
thereby confirming an important relation between 
the severity of the nature of the abnormality of seg- 
mental contraction and the degree of depression in 
ventricular performance. The difference in impair- 
ment of left ventricular performance attributable to 
dyskinesia versus hypokinesia pertains particularly 
to abnormal segmental motion of the anterior wall; 
concerning dyssynergy of the inferior wall, the nature 
of abnormal movement was less important in deter- 
mining the degree of cardiac dysfunction. Moreover, 
the patients with contraction abnormalities involving 
the major extent of the left ventricular silhouette 
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(Group V) had the most severe depression of cardiac 
function (Table I). This finding substantiates the 
view that the extent of dyssynergy is the most impor- 
tant individual characteristic of abnormal segmental 
wall motion determining left ventricular dysfunction 
in coronary heart disease. 

Anterior versus inferior myocardial infarc- 
tion: The observation that anterior transmural in- 
farctions, which invariably occur consequent to ste- 
nosis of the left anterior descending coronary ar- 
tery,? frequently result in more extensive necrosis 
than that caused by infarctions in other locations?! 
is probably explained by the anatomic distribution of 
the left anterior descending coronary artery. 'This ar- 
tery is the major vessel supplying left ventricular 
muscle since, together with its principal branches, it 
perfuses the entire left ventricular anterior wall, a 
substantial portion of the lateral wall and most of the 
interventricular septum.?? 'Thus, an occlusion in the 
proximal portion of this important vessel compro- 
mises blood flow to a greater area of the left ventricu- 
lar myocardium than do similar occlusions of the 
right coronary or circumflex coronary arteries. Ac- 
cordingly, since our study documents that the extent 
of necrosis is the principal individual characteristic 
of dyssynergy determining the degree of left ventric- 
ular dysfunction after myocardial infarction, this 
concept affords an explanation for the observation 
that pump failure occurs more commonly after acute 
necrosis of the anterior than of the inferior ventricu- 
lar wall.i-? 

Types of dyssynergy versus extent of infarc- 
tion: Of the types of dyssynergy evaluated herein, 
dyskinesia with systolic translocation of ventricular 
volume into the paradoxing segment creates the 
greatest burden on the left ventricle. This observa- 
tion is in agreement with the findings of Klein et al.!? 
An additional factor that accounts in part for the 
greater frequency of pump failure in anterior infarc- 
tion is that dyskinesia occurs more often with anteri- 
or wall necrosis than with necrosis of the inferior ven- 
tricular surface.!? However, since dyskinesia is usual- 
ly associated with more extensive myocardial infarc- 
tion than is hypokinesia,!? the extent of infarction 
again emerges as the principal factor of dyssynergy 
determining the degree of ventricular impairment in 
coronary heart disease. 


Conclusions 


This study demonstrates that the location of dys- 
synergy is unimportant as an isolated determinant of 
left ventricular function in coronary artery disease. 
Thus, the anterior wall is not unique in its contribu- 
tion to left ventricular function, and the location of 
necrosis alone does not explain the greater frequency 
of cardiogenic shock in acute coronary disease or of 
congestive heart failure in chronic coronary disease 
that occurs when the site of necrosis is in the anterior 
rather than the inferior wall. This study indicates 






that the extent of the aid farcies id ihe: 
_ nature of the resultant dyssynergy, rather than the 
Ke - site of infarction, are the determinants of the degree 
M of left ventricular dysfunction in coronary disease. 
_ Dyskinesia produces greater hemodynamic abnor- 
Re malities than does hypokinesia. Nevertheless, al- 
. though both the nature and the extent of infarction 








the most important ani chiedo ot noil 
segmental wall contraction disturbing left ventricular 


function in coronary heart disease. 
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In 20 patients with acute myocardial infarction requiring emergenc 
left heart catheterization and coronary arteriography, ventricular func 
tion and clinical course were related to collateral vessels supplyin 
the infarcted area. The major coronary artery to the infarcted regio 
was severely obstructed in all patients. Patients with adequate colla 
eral vessels (Group I, no. = 6) and those with no or inadequate colla 
eral channels (Group Il, no. = 14) had similar findings with respect t 
age, site of infarction, prevalence of prior infarction and presence ¢ 
multivessel disease. However, there were significant differences be 
tween Groups | and II in left ventricular end-diastolic pressure (13 ve 
sus 30 mm Hg), cardiac index (3.05 versus 2.04 liters/min per 
stroke work index (45 versus 13 gem/m°), ejection fraction (42 versu 
20 percent) and area of dyssynergy (14 versus 47 percent). Moreove 
in Group | all patients survived and none had cardiogenic shc 
whereas in Group Il 10 of 14 patients had shock and 8 of 14 died. 


. rapidity of vessel obstruction appeared to influence collateralizat b 


since infarction was preceded by angina pectoris more frequently i 
Group | than in Group li. These results indicate that well functionin 
anastomotic channels to the distal trunk of the blocked coronary ai 
tery may afford some protection of pump function and improve th 
prognosis in acute myocardial infarction. z 
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The clinical role of the coronary collateral circulation has been: 
subject of great interest and controversy for many years. Despite ex 
tensive investigations in experimental animals!-? and in patier nt 
after death?9-?4 and during life,2>-® the fundamental significance c 
the collateral circulation within the myocardium of patients with coi 
onary artery disease remains unclarified. It is now generally agree 
that these auxillary vessels are congenitally established channels. an 
that their further development is promoted by coronary stenosis an 
myocardial ischemia. Although the anatomic presence of the collate: 
al vessels implies a special protective effect, and experimental ani 
mal!-8.11,13-19 and intraoperative clinical42:46,53,58,61 studies hav 
shown that they convey substantial blood flow, their precise impo} 
tance in coronary artery disease has yet to be determined, Tu. c 
Present clinical evidence suggests that the coronary collateri 
channels play a limited functional role in patients with chroni 
coronary artery disease.27.2930,4-38,41,43,48,50,52,57,0002 Angiographi 
studies in such patients have shown that the presence of collaterz 
vessels is directly related to the extent and severity of th 
disease.?9.30,34-38,41,48,49,57 These anastomotic channels are more fre 
quently observed in the presence of abnormal regional ventricule 
contraction and in association with greater degrees o left ventricule 
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currence of transmural myocardial infarction docu- 
E mented by pathologic electrocardiographic Q waves 
- has not differed in the presence or absence of collat- 
eral vessels as evaluated retrospectively in patients 
with chronic coronary disease.94-36.3841,57 These find- 
" ings have led to the postulate that collateral channels 
; may confer no distinct beneficial effect in chronic 
su artery disease manifested by ventricular 
hemia and infarction. 
D - However, the patients in these studies —those with 
- chronic. coronary artery disease and previous myocar- 
dial  infarction—represent a preselected population 
^s sh nce they have survived acute infarction. Thus, data 
on collateral vessels have never been carefully evalu- 
ed before death in nonsurvivors of acute infarction 
im | compared with findings in surviving patients. 
Therefore, in this study the coronary collateral circu- 
-la p of patients with acute myocardial infarction 
ET uiring emergency left heart catheterization and 
elective coronary arteriography was studied to de- 
Fte tern mine the presence and significance of these auxil- 
- lary channels relative to survival and extent of myo- 
“cardial necrosis and ischemia. 


1 Materials and Methods 


CE lem consecutive patients (17 men and 3 women, av- 
erage age 55 years) with acute transmural myocardial in- 
arction who underwent emergency left heart catheteriza- 
ti on including ventricular and coronary cineangiography i in 
the early period of hospitalization were evaluated in regard 
o ventricular function, disease of the native coronary arte- 
"t p collateral circulation and clinical course. The diagnosis 
h 0! f acute myocardial infarction was based on a combination 
f clinical presentation and the presence of pathologic Q 
w aves: and characteristic serum enzyme abnormalities. The 
tions for cardiac catheterization were refractory 
| pump failure or persistent chest pain. The time from the 
onset of acute infarction to cardiac catheterization aver- 
% ps 15 days (range 2 to 23 days). 
e E beft heart catheterization was performed by the retro- 
gi grade Erase Hemodynamic data were obtained as de- 





E" | 0 ce of Hypaque- M? 75 percent or Riga i 76 per- 
TE at containing sodium and meglumine diatrizoates, and 
E e coronary arteries were visualized with 2 to 8 cc of either 
xe em of the native coronary circulation was evaluated 
ibo. identification of arteriographic obstruction . (greater 
- than 75 percent stenosis) of one or more of the three major 
i 'oronary arteries. The coronary collateral circulation to the 
region of the acute infarction was classified as adequate if 
there were distinct, bright and prompt visualization of the 
distal arterial segment (greater than 1 mm in diameter) of 
the obstructed major coronary artery supplying the area of 
acute infarction and distal runoff of good quality beyond 
z obstruction, either by auxillary channels from the con- 





tralateral coronary arterial system (intercoronary collateral 
. vessels) or by accessory vessels of the ipsilateral coronary 
| prstem PANN © collateral vessels). 
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To assess the effects of coronary collateral circulation 
on pump function and clinical course, patients with ade- | 
quate collateral vessels (Group I) were compared with pa- 
tients with absent or inadequate collateral vessels (Group 
II). In addition, the collateral vessels supplying the area of 
acute infarction by way of the distal arterial segment were 
assessed angiographically for their presence or absence, 
connecting pathway and quality of appearance (good ap- 
pearance—large, brightly opacified collateral vessels with 
additional thread-like accessory channels; thread appear- 
ance—thread-like collateral channels only). Coronary arte- 
riograms were independently assessed by at least three of 
us, and the classification of native arterial disease and col- 
lateral circulation was determined by uniform agreement. 

Hemodynamic measurements included left ventricular 
systolic and end-diastolic (LVEDP) pressures, phasic and 
mean (MAP) systemic arterial pressures and cardiac out- 
put (CO) in duplicate by the indicator-dilution technique. 
Stroke work index (SWI) was calculated as (SI x [MAP- 
LVEDP] X 0.0136 g-m/m?) where SI = stroke index (cc/ 

m?), and total peripheral vascular resistance (TPVR) was 
calculated as ([MAP/CO] X 80 dynes sec cm~5). Tracings of - 
left ventricular end-diastolic and end-systolic endocardial 
silhouettes were obtained from which qualitative and 
quantitative determinations of segmental contraction®*-® 
and measurements of ejection fraction9967 were performed. 

Student's t test for group data and chi square analysis 
were employed for statistical evaluation. 


Results 


Patient groups with and without coronary col- 
lateral circulation: Table I presents the patient dis- 
tribution relative to the electrocardiographic charac- 
teristies of the acute infarction, the obstructed major 
coronary artery ordinarily supplying the acutely in- 
farcted area, the collateral vessels and the quality of 
runoff in the distal trunk of the obstructed coronary 
artery subserving the region of acutely infarcted: 
myocardium. Of the 20 patients studied, 6 (Group I) 
had adequate runoff of collateral flow in the distal ar- 
terial tree beyond the point of major coronary arteri- 
al obstruction, whereas 14 (Group II) had absent or 
inadequate collateral flow in the distal segment of 
the blocked coronary artery. The adequate quality of 
runoff in Group I correlated with the presence of 
large opacified intercoronary or intracoronary collat- 
eral vessels, and the absent or inadequate distal arte- 
rial filling correlated with absent or only thread- e. 
collateral channels in Group II (Table I). 

The two patient groups were evenly matched ac- 
cording to age, sex, prevalence of old myocardial in- 
farction prior to the acute infarction, location of 
acute infarction (Table I), interval between cardiac 
catheterization and onset of acute infarction, and na- 
tive coronary arteries disease. The mean age of 51.0 + 
4.9 (standard error of the mean) years in patients in 
Group I was not statistically different (P >0.05) from 
that in Group II (58.4 + 2.0 years). Sex distribution 
was equal, with 5 men and 1 woman in Group I com- 
pared with 12 men and 2 women in Group II. Seven- 
teen percent of patients in Group I had electrocardio- 
graphic evidence of old infarction; this finding was 
not statistically different (P >0.05) from the 29 per- 
cent prevalence rate of old infarction in CHROME W. 
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TABLE! 


Obstructed 
Location of Infarction Artery * 
Group | (6 patients) 
Anterior LAD 5 
Complete 2 
>90% 3 
Diaphragmatic RCA 1 
Complete 1 
Group II (14 patients) 
Anterior LAD 12 
Complete 5 
>90% 7 
Diaphragmatic RCA 2 
Complete 1 
>75% 1 
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Patient Distribution Relative to Location of Acute Myocardial Infarction, Obstructed Artery, Collateral Circulation 
and Quality of Distal Runoff 


Filling of Distal Segment 


Collateral Circulation of Obstructed Artery* 


Pathway Quality ' Antegradet Retrograde? | 
Intercoronary Good None Adequate | 
Intercoronary Good Thread Adequate . 
Intracoronary Good None Adequate  . 2; 
Intercoronary Thread None Thread 

a Thread None 
None None X 
Thread None i 
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Figures indicate number of patients. 


*Obstructed artery = major coronary artery ordinarily supplying the acutely infarcted area. | ec. 
Antegrade thread = thread-like filling of distal segment of obstructed coronary artery by way of site of obstruction; retrograde adequate = 
collateral inflow providing good opacification of distal coronary trunk; retrograde thread = minimal, poorly visualized inadequate filling of 


thread-like—appearing distal corenary segment. 


LAD = left anterior descending coronary artery; RCA = right coronary artery. 


The location of the acute infarction was anterior in 
83 percent of Group I and in 86 percent of Group II 
(Table I); obstruction of the left anterior descending 
coronary artery was documented angiographically in 
each patient with anterior infarction. In Group I the 
average time from onset of symptoms of acute infarc- 
tion to cardiac catheterization was 16.3 + 6.8 days; a 
similar time interval, 14.1 + 4.8 days, was found in 
Group II. 

Anginal history: Patients with adequate collater- 
alization (Group I) had a greater frequency of angina 
prior to acute myocardial infarction. Thus, an anginal 
history was present in 85 percent (5 of 6 patients) of 
this group but in only 29 percent (4 of 14 patients) (P 
<0.05) in Group II. The duration of the angina tend- 
ed to be longer in Group I (average 6 months) by 
comparison with the shorter period in two Group Il 
patients. 

Coronary artery disease: In 19 of the 20 patients 
in both groups, the major coronary vessel supplying 
the area of acute myocardial infarction demonstrated 
obstruction ranging from 90 percent to complete oc- 
clusion (Table I). In Group I, three patients had ob- 
struction of one major coronary vessel, two had ob- 
struction of two major vessels and one had triple ves- 
sel obstruction, a 50 percent frequency of multivessel 
coronary obstructive disease. In Group Il, four pa- 
tients had single vessel obstruction, eight had two 
vessel obstruction, and two had triple vessel obstruc- 
tion, a 71 percent frequency of multivessel disease 
(difference between the two groups not statistically 
different [P >0.05]). All 6 patients in Group I and 12 
of 14 in Group II demonstrated obstruction of the 
left anterior descending coronary artery. Fifty per- 
cent of patients in both groups had obstruction of the 
— right coronary artery. 
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Hemodynamics: At the time of cardiac catheter- 
ization, there were no statistical differences between 
Group I and Group II (P 20.05) in mean arterial 
pressure (84 + 7 versus 83 + 4 mm Hg) or systolic ar- 
terial pressure (118 + 9 versus 110 + 6 mm Hg). 
However, in Group I left ventricular end-diastolic 
pressure was considerably less elevated (P «0.01) (13 
+ 2 mm Hg) than in Group II (30 + 3 mm Hg) (Fig. 
1A). Furthermore, the cardiac index was normal (3.05 
+ 0.34 liters/min per m2) in Group I but decreased in 
Group II (2.04 + 0.21 liters/min per m?) (P <0.05) 
(Fig. 1B). In addition, the stroke work index was 


B. Cardiac Index 


A. LVEDP C. Stroke Work Inde) 
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FIGURE 1. Left ventricular end-diastolic pressure (LVEDP) in mm Hi 
(A), cardiac index in liters/min per m? (B) and stroke work index il 
g-m/m? (C) in patients in Group | (adequate collateral vessels [C] 
and Group II (no or inadequate collateral vessels [NC]). Mean value: 
+ standard error of the mean are shown. Dashed horizontal line 
represent upper limit of normal left ventricular end-diastolic pres 
sure in A, lower limit of normal cardiac index in B and the severel 
depressed level of stroke work index characteristic of cardiogeni 
shock in C.9? | po fs | 
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| A tien. Fraction 42+7% p<.02 20+3% 


Nr 
Tas t I4 796 p«.0l 47+ 2% 
__ LV Perimeter 


JRE : Ejection fraction (A) and percent of left ventricular (LV) 
idocar dial. perimeter in right anterior oblique projection demon- 
ZA nesia or dyskinesia, or both, as obtained by left ventricu- 

raphy (B) in patients in Group ! (adequate collateral vessels [C]) 
IL a or inadequate collateral vessels [NC]). 
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P «001)i in Group I (45 + 8 g-m/m?) than in 
‘ou D. (13 +1 g-m/m?) (Fig. 1C). Heart rate was 
| er er (P. <0.05) in Group II (109 + 7 beats/min) 
Pe tha an i Group I (73 + 5 beats/min). In addition, the 
; ; nera vascular resistance was elevated in 


ic. B Laogrephie data: The ejection fraction of 
42 + 7 percent in the patients with collateral vessels 
(a Group I) was significantly higher (P <0.02) than 
hat (20 + 3 percent) in Group II (Fig. 2A). More- 
m ver, evaluation of the extent of left ventricular pe- 
rim neter demonstrating akinesia (absent systolic 
tsm movement of wall segment) or dyskinesia (paradoxi- 
^ A ò outward systolic segmental expansion) revealed 


B. SURVIVAL 
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FIG JRE 3. The number of patients who had cardiogenic shock (A) 
dto survived acute myocardial infarction with subsequent hos- 


y | discharge (B) are indicated by the hatched portions of the ver- 
Ee in patients in Group ! (adequate collateral vessels [C]) and 
de Grou pil (no or inadequate collateral vessels [NC]). The value of sig- 
ficance (P <0.01) between the two patient groups refers to the in- 

^c cidence of shock (0 of 6 patients in Group | versus 10 of 14 in 
DG roup Il) a and of survival (6 of 6 patients in Group I versus 6 of 14 in 
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wall motion in Great I DEGERT d in contrast to 47 + r : 
percent in Group II patients. In addition, severe mi- . 








tral regurgitation was observed only in patients with- _ 


out collateral vessels (5 of 14, 36 percent of Group II | 
patients); each of these patients had anterior infarc- 
tion. No patient had ventricular septal rupture. In 
Group II patients, there were no statistical differ- 
enees (P 70.05) in the variables of pump function be- _ 
tween the eight patients without an old myocardial 
infarction and the four with previous infarction. The 
respective values were: mean arterial pressure 83 and - 
82 mm Hg, left ventricular end-diastolic pressure 32 _ 
and 22 mm Hg, cardiac index 2.17 and 1.91 liters/min 
per m?, stroke work index 12 and 15 g-m/m?, ejection 
fraction 20 and 19 percent and dyssynergy 46 and 49 
percent. $ 
Clinical outcome: Cardiogenic shock occurred 
only in the patients with absent or inadequate collat- 
erals (Group II: (10 of 14, 71 percent of patients) 
(Fig. 3A). Furthermore, there was a marked differ- 
ence in survival between the two patient groups (Fig. 
3B). None of the Group I patients died during hospi- 
talization and none required surgical intervention for _ 
pump dysfunction; 3 of 6 patients underwent coro- 
nary arterial bypass for relief of persistent myocar- 
dia! ischemic pain. On the other hand, only 6 of the 
14 (43 percent) patients in Group II survived hospi- 
talization. Six of the 14 underwent surgical treatment 
for pump failure, consisting of ventricular resection j 
or mitral valve replacement, or both. Only 4 of 14 (29 
percent) patients in Group II survived without surgi- 
cal intervention. wi 


Discussion : 


This investigation provides unique evidence ob- 
tained during life that the coronary collateral circula- 
tion may play an important protective role in pa- 
tients with acute myocardial infarction. Thus, pa- 
tients with angiographically documented large collat- 
eral vessels that appeared to supply substantial blood - 
flow with good quality of opacification and runoff in 
the distal segment of the obstructed major coronary - 
artery leading to the infarction had significantly less - 
impairment of cardiac pump function and a better 
clinical outcome than had patients without adequate 
collateralization. There was considerable difference 
in left ventricular performance in the two groups of 
patients (Fig. 1 and 2). Those with collateral vessels 
exhibited less elevation of filling pressure, greater _ 
preservation of normal cardiac output, greater stroke — 


work index, higher ejection fraction and reduced ex- - 


tent of abnormal segmental wall motion. Moreover, - 
these patients had a decreased incidence of cardio- 
genic shock and improved survival (Fig. 3). MEALS T 
Much of the previous information concerning col- - 
lateral vessels in chronic coronary artery 


e has | 
indicated that these cl h pue of. sae eee 
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JA : lar dyssynergy, occurrence of myocardial infarction, 


evidence of myocardial ischemia and frequency 
of ventricular tachyarrhythmias.?9:930,36-38,43,48,50,57,62 
Nevertheless, the apparent favorable effect in acute 
myocardial infarction shown in our clinical investiga- 
tion is supported by data from studies of experimen- 
tally produced acute infarction,^79!7 postmortem 
pathologic examination of patients with acute myo- 
cardial infarction? and sudden death,?? and studies 
carried out in living patients concerning surviv- 
al°1,39,59 and development of ventricular segmental 
dyssynergy in acute and chronic coronary disease.55:56 
Thus, in dogs, pigs and sheep, the area of myocardial 
infarction was less when gradual coronary occlusion 
was produced over a period of several days by means 
of the ameroid constrictor because of the extensive 
collateral circulation that developed than when the 
animal was subjected to sudden coronary ligation 
without collateral formation. Further, in pigs, the 
extent of infarction and mortality were reduced after 
gradual coronary occlusion when collateralization 
was prominent.’ In addition, in dogs, the frequency 
of ventricular tachyarrhythmias after acute coronary 
ligation was shown to be inversely related to the rate 
of collateral blood flow.® ij 
Protective role of collateral vessels: Necropsy 
evaluation of the coronary circulation by the 
Schlesinger injection technique® in patients dying of 
acute myocardial infarction has suggested that the 
presence of collateral vessels limits the size of infarc- 
tion.” Further, it has been inferred from the post- 
mortem demonstration of the absence of substantial 
auxillary vessels in patients dying suddenly—in con- 
trast to the frequent presence of intercoronary anas- 
tomoses greater than 40 u in diameter, as determined 
by infusion of calibrated plastic spheres, in patients 
with coronary disease who do not die suddenly—that 


- the development of adequate coronary collateral 


channels may afford protection against sudden death 
in clinical coronary disease.?? 

Antemortem clinical studies?! have suggested that 
survival may be enhanced by collateralization, as 
documented by coronary arteriography in chronic 
ischemic heart disease. More recently, improved sur- 
vival has been associated with the presence of ade- 
quate collateral vessels supplying obstructed major 
arteries in patients with single and double vessel cor- 
onary stenosis as documented by coronary arteriogra- 
phy.59 

Concerning the development of left ventricular 
pump dysfunction and the presence of myocardial 
collateral vessels in coronary disease, patients who 
underwent repeat coronary arteriography and ven- 
triculography an average of 26 months after the ini- 
tial catheterization were evaluated serially for abnor- 
mal ventricular wall motion.9? The protective role of 
collateral channels was implied by the finding that 
the patients who had collateral vessels at the initial 


2 examination did not manifest regional dyssynergy by 


. the time of the second analysis even though the 


| .. major coronary artery supplied by the auxillary ves- 
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sels had progressed | to Werne proximal OU ss 
Moreover, in patients with acute ischemic heart dis- 
ease who underwent coronary arteriography and left 

ventriculography, ineffective collateral channels were 
associated with extensive dyssynergy, congestive 
heart failure and cardiogenic shock.?? 

Also attesting to an important functional role o 
the myocardial collateral circulation in certain set. 
tings of coronary disease are studies of the effects o 
therapeutic interventions on these auxillary chan. 
nels. In experimental and clinical coronary occlusion 
nitroglycerin has been shown to induce dilation oi 
collateral vessels with consequent improvement ir 
blood flow to ischemic areas of the ventricular myo: 
cardium.?1113,3247,3 Further, the responsiveness ol 
the collateral circulation has been demonstrated by 
promotion of the opening of these vessels by mechan. 
ically increasing aortic diastolic blood pressure big 
counterpulsation techniques.!*!9:70 

Our finding of a protective role of collateral vedi 
in acute myocardial infarction was not entirely the 
result of patient selection. Thus, a group of consecu- 
tive patients with acute coronary disease requiring 
emergency diagnostic catheterization because of clin. 
ical deterioration were subsequently classified anc 
compared solely on the basis of the existence of ap- 
parently adequate collateral vessels as assessed by 
the presence of substantial runoff of flow to the areg 
of acute infarction below the obstructed major coro: 
nary artery. Although there may not be a precise 
relation between the extent of collateral vessels visu- 
alized angiographically and the degree of blood flow 
conveyed by these vessels, recent clinical evidence in- 
dicates that there is at least some correlation betweer 
preoperatively quantified angiographic appearance 
and subsequent intraoperatively measured collateral 
flow in Patients undergoing coronary artery bypass 
surgery.*© 

Collateral vessels and rapidity of coronary ar- 
terial obstruction: The majority of our patients 
with adequate collateral channels had angina pectori: 
before the acute infarction, whereas the patients 
without collateral vessels usually did not have an an- 
ginal history. Further, the angina was usually of long- 
er duration in the group with collateral vessels than 
in the relatively few patients with this symptom 
without such vessels. These findings suggest that cor- 
onary stenosis may have occurred more gradually ir 
the patients with than without collateral channels. 
Thus, the rapidity of coronary obstruction appears tc 
be important in determining the degree of collateral. 
ization. This postulate is consistent with data from 
several experimental studies demonstrating that in- 
farctions are infrequent and small when occlusion oc- 
curs gradually over several days, thus allowing devel- 
opment of adequate collateral channels, whereas sud- 
den ligation without collateral formation leads to 
large areas of necrosis and a high mortality 
rate.5751738 Moreover, in clinical investigations car- 
ried out in our laboratories,?* 57 the collateralization 
response was related to the duration of angina pecto- 
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ris in patients with arteriographically documented 
3 - chronic coronary arterial obstructive disease. 

= In conclusion, this study in living patients pro- 
i vides supporting evidence for an important physio- 
logic role of the coronary collateral circulation in 


. acute myocardial infarction. Although the presence 
- of apparently well functioning collateral vessels does 
. mot prevent the occurrence of acute myocardial in- 
.. farction, it affords some protection in at least some 


_ patients by limiting the size of necrosis and improv- 
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clinical data suggest that the rapidity of coronary ob- 
struction may be of major significance in determining 
the extent of collateralization and thereby the ability 
of these vessels to provide substantial collateral flow 
to the areas of ischemic myocardium they subserve. 
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_ Aortocoronary Bypass Surgery: Correlation of Angiographic, 
. Symptomatic and Functional Improvement at 1 Year 


Angiographic changes in the coronary circulation were evaluated in 60 
patients 1 year after aortocoronary bypass surgery, and their relation 
to the postoperative clinical status was examined. Of 124 grafts im- 
planted, 26 were closed, 7 stenotic and 91 (74 percent) patent at 1 
year. Progression of occlusive disease occurred in 21 of 57 (37 per- 
cent) nongrafted and 78 of 123 (63 percent) grafted vessels. On the 
basis of location and severity of progression, significant lesions by- 
passed and patency of grafts, postoperative coronary perfusion was 


considered optima! in 16 patients (Group |), better in 24 (Group Il) and | 


the same or worse than before operation in 20 (Group III). Complete 
freedom from chest pain or lessening of pain (improvement by two 
New York Heart Association functional classes) occurred in 88 and 79 
percent of patients in Groups | and Il, respectively, but in only 50 per- 
cent of patients in Group Ill. Positive preoperative treadmill stress 
tests became negative after surgery in five of six patients in Group I, 
five of eight in Group Il and three of eight in Group III. 

This study demonstrates that when progression of disease, graft pa- 
tency and extent of revascularization are considered in combination, 
the postoperative angiographic status of the coronary circulation cor- 
relates well with clinical improvement at 1 year. These findings sup- 
port the hypothesis that improved blood supply to ischemic myocar- 
dium is a major factor contributing to relief of angina pectoris after sa- 
phenous vein bypass surgery. 


There is considerable controversy concerning the factors that may 
contribute to clinical improvement after aortocoronary bypass sur- 
gery. Many variables have been suggested to play a role. Most investi- 
gators consider that restoration of coronary perfusion is a major fac- 
tor in clinical improvement. Other proposed factors include placebo 
effect, myocardial denervation and perioperative infarction.'-4 In this 
study graft patency, extent of revascularization and progression of 
disease in the native vessels were evaluated concomitantly 1 year 
after coronary bypass surgery, and the relation between the angio- 
graphic findings and clinical improvement was analyzed. 


Materials and Methods 


Patients 


The study cohort included 103 consecutive patients who underwent preop- 
erative cardiac catheterization and aortocoronary bypass surgery at Duke 
University Medical Center during 1972. All patients with concurrent ventric- 
ular or valvular surgery were excluded. Six patients (5.8 percent) died during 
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the perioperative period and another four died during the subsequent year. _ 


Ninety-three patients were alive and eligible for follow-up evaluation 1 year 
after operation. Nineteen of these 93 patients were unwilling to undergo elec- 
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FIGURE 1. Diagrams used to record the angiographic findings in the coronary arterial systems. Left, left coronary artery; right, right coronary 
artery. The abbreviations in the rectangular boxes are as follows: upper row—NL = normal; 25, 50, 75 and 95 = severity of stenosis according 
to percent decrease of luminal diameter; OCC = total occlusion. Lower row; NV = not visualized because of pathologic lesion; RR = retograde 


. filling from the right coronary artery; RL = retrograde filling from the left anterior descending coronary artery; RC = retrograde filling from the 


circumflex artery; ANT = antegrade filling; IF = insufficiently filled. Other abbreviations: A. = artery; ANT. = anterior; ANT-LAT = anterolater- 
al; AV = atrioventricular; L. - left; L. V. = left ventricle; POST. = posterior; PROX. = proximal; R. = right; R. V. = right ventricle; SA = sino- 


atrial; VENT. = ventricular. 


tive postoperative cardiac catheterization. Nine other pa- 
tients were not restudied because of relative contraindica- 
tions that included positive hepatitis-associated antigen 
(four cases), severe peripheral vascular disease (three), con- 
gestive heart failure (one) and recurrent myocardial infarc- 
tion (one). These 28 patients and the cohort subsequently 
restudied manifested no significant differences with re- 
spect to the status of postoperative chest pain, the inci- 
dence of perioperative myocardial infarction and overall 
postoperative functional class. Thus, 65 patients gave in- 
formed consent and returned 9 to 15 months (mean 13 
months) postoperatively for complete clinical assessment 
and repeat cardiac catheterization. Five of these 65 pa- 
tients were subsequently excluded because technical com- 
parison of the pre- and postoperative cineangiograms was 
not possible. Therefore, the data in this report are based on 
findings in 60 patients. 


Protocol 


For each patient 89 items of clinical, hemodynamic and 
angiographic information were collected prospectively and 
in an identical manner before and after surgery as de- 
scribed previously. Before catheterization, the functional 
classification of each patient was determined independent- 
ly by at least two cardiologists on the basis of New York 


. Heart Association criteria. All patients had pre- and post- 
operative electrocardiograms and chest roentgenograms. 


Electrocardiograms were interpreted without knowledge of 


.the patient's clinical condition. Forty-five patients had 
- both pre- and postoperative evaluation of exercise perfor- 
. mance on a treadmill, according to the multistage maximal 
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exercise protocol of Bruce et al. A positive test was defined 
as an S-T segment change of 0.1 mv (0.08 second's dura- 
tion) in any of the 12 monitored leads. When digitalis effect 
or nonspecific ST-T wave changes were noted in the resting 
electrocardiogram, a 0.2 mv S-T segment change was re- 
quired to classify a test as positive.’ Exercise test results 
were interpreted as negative only if the patients achieved 
85 percent of their predicted maximal heart rate during ex- 
ercise without manifesting significant S-T segment 
changes.? FE cat 

Complete right and left heart catheterization, biplane 
left ventricular cineangiography and coronary arteriogra- 
phy were performed before and after operation. Studies in- 
cluded selective injections of each coronary artery in multi- 
ple projections. In the postoperative studies selective cine- 
angiography of each bypass graft, in multiple views, was 
also performed. To assure consistency, pre- and postopera- 
tive cineangiograms from each patient were analyzed and 
compared at the same time by two cardiologists experi- 
enced in evaluating coronary arteriograms and unaware ol 
the patient's clinical status. All stenotic lesions were re- 
corded in detail on diagrams (Fig. 1). Stenotic lesions were 
graded as 25, 50, 75, 95 or 100 percent decreases of luminal 
diameter. NL 

Progression of disease in native vessels: Such progres- 
sion was defined as (1) an increase in stenosis to toli oe. 
clusion, (2) an increase of 25 percent or more in luminal 
narrowing, or (3) appearance of new stenosis of 25 percent 
or more of the luminal diameter in a previously normal ar- 
terial segment. Because of the potential angiographic 


changes produced by hemodynamic interfaces proximal tc 
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required angiographic confirmation by injections of con- 
_ trast medium antegrade through the native circulation and 

- additionally by retrograde filling through selective injec- 
So of grafts. 

- Progression was considered significant when (1) a lesion 
in a  nongrafted major vessel progressed to 75 percent or 
more of the luminal diameter, (2) a lesion of 75 percent or 
Pe iore appeared distal to a graft insertion, or (3) a segment 
TM «a vessel and its branches proximal to a graft insertion 
" cou ild no longer be opacified in the postoperative angio- 
ee raphic study. 

.— Postoperative angiographic assessment of coronary 
Es eries: On the basis of angiographic findings, the postop- 
á tive status of each of the three major coronary arteries 
- was assessed. An individual vessel was considered revascu- 
k - lariz: od. when all the following criteria were met: (1) All sig- 
- ni icant (75 percent or greater) stenotic lesions were by- 
pas sed, (2) all grafts placed were patent and no significant 


E sertion, (3) there was no advancement to significant disease 
UN (75 ercent or greater occlusion) in the native vessel distal 
1 the anastamotic site, and (4) all segments of the vessel 
isua alized | preoperatively remained visualized postopera- 


E was considered improved when, in the postoperative angio- 


1 P TABLE | ] 
; 3: O ostoperative Coronary Vascular Index 





Eo 313 | Postoperative Status of 
A bo "Group - - Index Coronary Circulation 





E cS 1 Optimally revascularized 
Ee 20 and <1 Improved 
E. LANE S 13’ <0 Unchanged or worse 
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.. Frequency of Pain Relief in Patients With One, Two 
7 z ones Vessel Disease 


C "m | ) Improvement 
Seek i. . by Two Func- 
TM «rad Pain-Free tional Classes Total 








Or ne vessel isb deo 8 (7396) 1 (996) 9 (82%) 
oe Two vessel disease 11 (48%) 4 (17%) 15 (65%) 
(no. = 23) 

15 (58%) 4 (15%) 19 (73%) 
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Ki E Frequency of Clinical Improvement in Patients With and 
v. f Mizhout Significant Progression of Disease 





TN A Improvement 
Ng | by Two Func- 
E. eg Pain-Free tional Classes ^ Total 
he 
a aei with significant 12 (45%) | 5(199) 17 (64%) 
$x progression of disease 
(no. = 26). ; 
c Yu ded without significant 22 (65%) 5 (15%) 27 (80%) 
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Le = 24) 








9 


grams: (1) the distal aah was better visualized in ves- 
sels with a patent graft, but the proximal segment showed 
not only progression of the stenotic lesion, but also com- 
plete loss of opacification of a definite segment; or (2) there 
was a significant lesion in a distal segment now visualized 
adequately for the first time through a patent graft. A ves- 
sel with a significant lesion was considered unchanged 
when: (1) the graft was closed but the grafted native vessel 
remained unchanged, or (2) the graft was open but the 
same grade of stenotic lesion seen preoperatively was now 
observed in the graft or in the native coronary artery at or 
distal to the graft site. The state of an individual vessel was 
considered worse when: (1) a graft was closed and there was 
progression to a stenotic lesion of higher grade, (2) there 
was progression to a significant lesion in a nongrafted ves- 
sel, (3) a graft was open but a preoperatively visualized seg- 
ment of the vessel and its branches could not be opacified 
postoperatively either through the graft or the native ves- 
sel, or (4) a graft was open but a lesion of higher grade than 
that bypassed was now observed in the native vessel at or 
distal to the graft site. 

Postoperative index: A point score of +1 was then as- 
signed to each revascularized major coronary artery and re- 
spective scores of 0.5, 0 and —1 to those vessels whose state 
was considered improved, unchanged or worse. An angio- 
graphic assessment of the entire coronary circulation was 
made by summing the scores for the three major coronary 
arteries in each patient. Finally, a postoperative index re- 
flecting the status of the postoperative coronary circulation 
was then derived for each patient by dividing the sum of 
the scores by the number of significantly diseased major 
vessels noted preoperatively. Thus, patients with an index 
of 1 were considered to have optimal revascularization, 
those with an index between 0 and 1, improved coronary 
circulation and those with an index of 0, unchanged coro- 
nary circulation. When the postoperative index was less 
than 0 the patient’s coronary circulation was considered 
worse (Table I). 

Clinical improvement in this analysis was arbitrarily de- 
fined at the beginning of the study as either complete free- 
dom from pain or lessening of pain (improvement by two 
New York Heart Association functional classes). 

Chi square analysis tests were used for all statistical 
comparisons. 


Results 


One hundred twenty-four grafts were placed in 123 
vessels. Twenty-six grafts (21 percent) were closed; 3 
(2 percent) had significant (greater than 75 percent) 
stenosis, and 4 (3 percent) had significant lesions at 
the site of graft insertion; 91 grafts (74 percent) ap- 
peared to be satisfactory. 

Progression of disease in native vessels: Pro- 
gression of disease was found at one or more sites in 
51 of 60 patients. Progression occurred in 21 of 47 (37 
percent) nongrafted vessels and in 78 of 123 (63 per- 
cent) grafted vessels. Progression was three times 
more frequent in vessels with open grafts and oc- 
curred most often proximal to the site of graft inser- 
tion advancing from a previously subtotal lesion to a 
more severe subtotal lesion or total occlusion. Sixty- 
seven of 123 (55 percent) grafted vessels in 44 of 60 
patients (73 percent) had progression of occlusive ar- . 
terial disease in the segment proximal to the site of 
graft insertion. Progression at the site of graft inser- 
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tion was found in 21 of 123 vessels (17 percent) and 
in 21 of the 60 patients (35 percent). Only four ves- 
sels (3 percent) in four patients (7 percent) showed 
progression distal to the site of graft insertion. 
Relation of pain relief and postoperative coro- 
nary circulation: No single pre- or postoperative 
. descriptor was a satisfactory predictor of overall clin- 
ical improvement after surgery. There did not appear 
to be any significant relation between the extent of 
disease preoperatively and clinical improvement 
(Table II). Significant progression of disease in the 
native vessels, as defined in the Methods section, cor- 
related poorly with clinical improvement as a single 
variable (Table III). Graft patency also failed to cor- 
relate well with clinical improvement. Thirty-one of 
39 patients (80 percent) with all grafts patent mani- 


cent) in Group III, however, had a negative postoper- 


ative test. No patient in this study with a negative 
preoperative test had a positive test postoperatively. 
Because of the small number of patients in each 
subgroup, the statistical significance of the differ- 
ences could not be evaluated. y 


Discussion Ti 2 s 

Early indirect surgical procedures proposed for the 
relief of angina pectoris due to obstructive coronary 
TABLE IV D 
5n 


Perioperative Clinical Data in Three MEE 
Angiographic Subgroups | ms 








"ce Group | Mo 
fested clinical improvement. However, 15 of 21 pa- (Optimal Group III 
tients (72 percent) with at least one graft clotted also geo de us oup A oe og 
showed clinical improvement. Forty-one of 56 pa- Kira dista, exti 
tients (73 percent) with at least one graft patent Patients (no:) 16 24 20 . 
showed clinical improvement, but 2 of 4 (50 percent) Mean age (yr) 47.4 47.5 ala 
> ith all ba vi Se amiar - Male | 8896 7196 9096 ` 
patients wit all grafts closed had similar improve Functional class (NYHA) 3 | 
ment. Chi square analysis of these differences failed | 6% 0% 5% 
to show statistical significance. 5 Re bes. T | 
The relation between clinical improvement and the IV 56% 63% 55% 
postoperative vascular index described in the Meth- pacte ita myocardial | 
. . . . inTarction m 
ods section was then examined. Patients were classi- With positive CPK-MB 6 (38%) 13 (54%) 10 (50%) 
fied in the following subgroups: Group I, 16 patients With positive electro- 2 (13%) 3 (13%) 4 (20%) 


with optimal revascularization; Group II, 24 patients 
with improved circulation; and Group III, 20 patients 
whose coronary circulation was unchanged or worse 
postoperatively. These groups were comparable in 
age, sex, serum enzyme or electrocardiographic evi- 
dence of perioperative myocardial infarction, and 
preoperative functional classification (Table IV). 

One year postoperatively, 81 percent of Group I, 58 


cardiogram 


, 





CPK-MB = creatinine phosphokinase-myocardial band; NYHA = 
New York Heart Association classification. 
TABLE V 
Postoperative Pain Relief in Three Angiographic Subgroups 


F 











Improvement 

percent of Group II and 35 percent of Group III were | by Two Func- | 
completely pain-free. The difference between these Pain-Free tional Classes Total «> 
groups was statistically significant (P < 0.025). An- Group I 13 (81%) 1 (6%) 14 (88%) 
other 6 percent of patients in Group I, 21 percent in She ag pa a 
. : ization) (no. = 16 y 

Group II and 15 percent in Group III had lessening of toate M TM Bone) 19 (79%) 
chest pain (improvement by two functional classes). (improved) WS 
In all, 88 percent of Group I, 79 percent of Group II (no. = 24) : . m. 
and only 50 percent of Group III either were pain- con X pincers FAS] aia 10 160% 
free or manifested improvement by two functional (no. = 20) j^ 
classes. These differences were also statistically sig- Š 
nificant (P < 0.05) (Table V). Ri 
TABLE VI | 


Although one vessel disease appeared to be more 
frequent in Group I, when the preoperative catego- 
ries of one, two and three vessel disease were ana- 
lyzed for postoperative pain relief, the results ap- 
peared to follow the pattern predicted by the angio- 


Patients With One, Two and Three Vessel Disease in Each 
Angiographic Subgroup Who Were Completely M 
Pain-Free Postoperatively ; 


A 





hi b (Table VI) es Vessel T Vessel Thes Vessel | 
grapnic subgroups (1able . isease isease isease 
Treadmill performance: Forty-five patients had GOTT AGP A 
both pre- and postoperative treadmill exercise tests. shi ne MED 6/7 (86%). 5/7171% c TOM f 
Results were positive in 22 patients and their data ization) (no. = 16) SN 
only are included in the following analysis. Of the six ML rns ! Ww 0 4/7 574) ... OPE (osos 
such patients in Group I, five (83 percent) had nega- (no. = 24) | a 
tive tests 1 year postoperatively. In Group II, five of Group II 2/4 (50%) 2/9 (22%) | 4/7(579*) - 
eight patients (63 percent) had negative postopera- (same or worse) | | 


tive tests. Only three of eight such patients (33 per- 


(no. = 20) 





its se 





! CORONARY BY 








e n vi ea ie a 
I. x | f : E, | Y ERY—HA 

JM *. s hj net "n AC 33 ' X A Le ` a d gos nt ex se 

NC AS ta AMEN LAP Mp ES i 


E E o Nh IM SI» 
~ ^ Ln ` ) 
" WE T oe T LU : è y 
v PN FA p 4 " * 34 Jj Rue r’ j4 
x / Y pe UA x - T 
» ^ "e z i Y 
, 1 i *. r A f 
" 7 a 
Et eU 3" F ^ 
bs Iud ari >, r v Ke 
2 e $ ‘ pi 
y > 
M 


ag Dove io a jio: "dn pow fo eact on coronary 
| |. blood flow and to a lack of adequately designed clini- 
~ cal trials. In contrast, direct revascularization by the 
|| coronary artery bypass operation during the past 7 

years has generally been effective in relieving chest 


| P Dé ag and. may be responsible for improved survival 
3,4,5,16- 
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CN m eem in clinical improvement after bypass 
F rgery: Although this procedure is designed to in- 
rease coronary blood flow, the mechanism by which 
dise; x relieves chest pain has not been fully explained. In 
a separate analysis from this institution,?! periopera- 
_ tive infarction was found to correlate poorly with 
_ clinical improvement. Others!’ have reported, as we 
| found i in this study, a lack of correlation between pro- 
ression of disease in native coronary arteries and 
P. cli improvement. These observations suggest 
p is little or no evidence that infarction of 
m. : sreviously ischemic myocardium or interruption of 
afferent nerves contributes importantly to clinical 
j "improvement after bypass surgery. 
Clinical improvement and angiographic im- 
^ ‘provement of coronary circulation: If coronary 
E pores surgery relieves symptomatic manifestations 
of ischemic heart disease by bringing additional 
eh ` blood flow to areas of myocardium previously under- 
pre the success of the procedure should relate 
to a combination of factors including: (1) extent of 
. the revascularization at the time of surgery, (2) per- 
istent patency of the grafts placed, and (3) absence 
(of significant progression of obstructive disease in the 
. native coronary circulation. Since all three factors 
= contribute to “optimal” revascularization, it is not 
` surprising to find only a fair correlation between 
postoperative symptomatic improvement and any 
— one of these factors. A recent report from this institu- 
— tion? did not establish a significant correlation be- 
.— tween clinical improvement and the extent of revas- 
.. eularization, as judged by the proportion of diseased 
í at vessels bypassed at the time of operation. Oth- 
- ers?!? have related clinical improvement to graft pa- 
Ms “tency and: reported statistically significant correla- 
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be related to clinical improvement, but the data were - 


not statistically significant. 

The aim of this study has been to characterize the 
entire postoperative coronary anatomy angiographi- 
cally by concomitantly considering the extent of re- 
vascularization, graft patency and progression of dis- 
ease. The relation between the status of the postoper- 
ative coronary circulation and symptomatic improve- 
ment was then examined. When the results of surgi- 
cal revascularization were examined in this manner, 
clinical improvement was found to be closely corre- 
lated with angiographic improvement of the coronary 
circulation. : 

Implications of study: It is unlikely that a perfect 
correlation between the coronary anatomy after coro- 
nary bypass surgery and subsequent clinical improve- 
ment will ever be obtained. Patients are unpredict- 
able in their subjective response to any therapeutic 
intervention, and many other uncontrolled variables 


potentially affect individual postoperative results. 


Furthermore, coronary angiography is limited in its 
ability to assess myocardial perfusion accurately, and 
a precise quantitative relation between myocardial 
underperfusion and angina pectoris remains to be 
demonstrated. 

Despite these recognized deficiencies, when im- 
provement in the coronary circulation and clinical 
improvement were estimated in the manner present- 
ed, an excellent correlation was obtained. These data 
thus support the hypothesis that improved blood 
supply to ischemic myocardium is a major factor con- 
tributing to relief of angina pectoris after saphenous 
vein bypass grafting. 
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Ten patients with discrete subvalvular aortic stenosis were examined 
using a real time, high resolution cross-sectional echocardiographic 
scanner. There were two patients (Group I) with a thin discrete sub- 
valvular membrane, five (Group Il) with a more extensive area of sub- 
valvular narrowing and three with a residual area of outflow tract ob- 
struction after surgical revision (Group Ill). In patients with a thin ob- 
structing membrane (Group 1), two distinct linear echoes were ob- 
served in the outflow tract. These echoes were not continuous with the 
walls of the outflow tract and showed some dynamic motion during the 
cardiac cycle. In four of the five patients with diffuse outflow tract nar- 
rowing (Group II), à relatively extensive area of inward bowing of both 
the anterior and posterior margins of the outflow tract was noted. In 
the fifth case, there was a prominent localized shelf-like increase in 
thickness of the basal portion of the muscular septum with a corre- 
sponding echo projecting anteriorly from the mid-portion of the anteri- 
or mitral leaflet. The three cases examined after surgical revision of 
the outflow tract (Group Ill), had different patterns of outflow tract nar- 
rowing, but narrowing was clearly demonstrated. This study suggests 
that cross-sectional echocardiography offers an alternative and proba- 
bly improved method for the noninvasive visualization of the left ven- 
tricular outflow tract. 


Discrete subvalvular aortic stenosis is a relatively frequent cause of 
left ventricular outflow obstruction.^? This obstruction is generally 
produced by either a thin discrete fibrous membrane located immedi- 
ately beneath the aortic valve obstructing an otherwise normal out- 
flow tract (type I) or a thick fibrous ring with associated muscular hy- 
pertrophy located approximately 1 cm below the valve and extending 
downward 1 to 2 cm (type II).? The type II lesion not only produces a 
more diffuse area of left ventricular outflow obstruction, but also fre- 
quently encroaches on the anterior leaflet of the mitral valve. As a 
rule, simple surgical resection of the thin membrane relieves the ob- 
struction in type I lesions. In type II lesions more extensive surgical 
revision of the outflow tract is generally required and residual ob- 
struction is frequent.? Localization of the level of outflow obstruction 
and differentiation of the type of lesion producing the obstruction are 
therefore of obvious value. 

Several recent reports*® have indicated the usefulness of M-mode 
echocardiography in the diagnosis of discrete subaortic stenosis. 
However, diagnosis by this technique rests on nonspecific changes in 
aortic valve motion or alterations in outflow tract diameter during 
continuous scanning from the aorta to the left ventricle. In our expe- 
rience changes in diameter of the outflow tract may be difficult to in- 
terpret in M-mode recordings since apparent narrowing of the tract 
can be produced by improper angling of the transducer. 
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TABLE | 
Clinical Features in 10 Cases 
Outflow 
Tract 
Pressure 
Case Age (yr) Gradient 
no. & Sex (mm Hg) Associated Lesion 


Group | (Discrete Membranous Obstruction) 


1 5M 80 None 
2 5F 74 Aortic insufficiency 
Group II (Diffuse Fibromembranous Obstruction) 

3 20F 46 Aortic insufficiency 

4 13M 80 Aortic insufficiency 

5 15F 35 Mitral insufficiency 

6 5F 30 Infundibular 
pulmonary 
stenosis * 

7 16F 45 Aortic insufficiency 

Group III (Postoperative Residual Obstruction) 

8 9M 15 Coarctation, 
aortic insufficiency 

9 18M 10 

10 13F 52 Aortic ihéufficiebey 


* This patient also had a peak systolic gradient of 48 mm Hg be- 
tween the right ventricle and subpulmonary chamber. 


Because cross-sectional echocardiography offers 
the advantage of correct spatial orientation, it should 
permit a more exact localization of the level of the 
outflow tract obstruction and a determination of the 
nature of the lesion. This report describes our experi- 
ence in examining 10 patients with discrete subaortic 
stenosis using a real time, high resolution (120 lines/ 
frame) cross-sectional echocardiographic sector scan- 
ner (30*) recently developed in our laboratory. 


Methods 


Cases: Real time cross-sectional sector scans of the left 
ventricular outflow tract were performed in 10 patients 
with discrete subaortic stenosis proved at cardiac catheter- 
ization. These patients were classified into three groups 
based on the angiographic appearance of the lesion and the 
presence or absence of prior surgical efforts to alter the 
outflow tract. 

Group I contained two patients (Cases 1 and 2) with a 
thin discrete membranous obstruction (type I) Group II 
contained five patients (Cases 3 to 7) whose outflow ob- 
struction was caused by a more extensive area of outflow 
tract narrowing (Type II). Group III was composed of three 
patients (Cases 8 to 10) who had a residual area of obstruc- 
tion after outflow tract revision. In Cases 8 and 9 a discrete 
type I obstruction had been found at operation. The surgi- 
cal result was good and there was only a minimal residual 
gradient. Patient 10 was operated on in 1967; the surgical 
report did not clearly define the type of obstruction. Spe- 
cific data on the individual patients are contained in Table 
I. 

The diagnosis of discrete subaortic stenosis was estab- 
lished in each case at cardiac catheterization byethe pres- 
ence of a pressure gradient at the level of thei 
lar outflow tract with no gradient at the fé 
a typical appearance of the lesion in cing 











case was idiopathic hypertrophic subaortic stenosis aad 


_ ered present. 


Echocardiography: The cross-sectional ebhoeattia 
graphic examination was performed using a modified Eko 
line 20A Echograph with a pulse repetition rate of 4.5 kilo 
cycles/sec. A 2.25 megahertz transducer mechanically driv 
en through a 30° sector at a variable rate from 0 to 30 cy 
cles/sec was utilized. The system was routinely operated a 
a frame rate of approximately 40 frames/sec (20 cycles/sec) 
which yielded a line density of approximately 120 lines, 
frame. The image thus produced was photographed by. 1 
standard portable television camera (GBC-CTC-6000) anc 
recorded on 0.5 inch video tape using a GBC-TVR-321 re 
corder. The cross-sectional images could be viewed in rea 
time during the examination or subsequently from vide 
tape in real time, slow motion or as individual frames. Indi 
vidual frames were converted to a hard copy presentatior 
using a video converter and a modified Honeywell 185t 
strip chart recorder. An R wave-triggered electronic coun 
ter superimposed on the upper right corner of each fram: 
permitted timing of individual frames within the cardia 
cycle to 0.01 second. Further details of this system have 
previously been reported.’-? M-mode echograms were per 
formed in addition to the cross-sectional study in 7 of the 
10 cases. 

In the cross-sectional examination, positioning of the pa 
tient and placement of the transducer were similar to those 
of a routine M-mode echocardiographic examination. Ir 
each case, the cross-sectional echograms were interpretec 
before the cineangiograms were examined. 

Normal left ventricular outflow tract: Examinatior 
of the left ventricular outflow tract was performed with the 
plane of the cross-sectional scan oriented parallel to the 
long axis of the heart. Figure 1, a diagrammatic representa: 





FIGURE 1. Diagrammatic presentation of the heart in a long axis. It 
can be seen that a 30? sector scan permits the examination of the 
left ventricular outflow tract from the aortic valve to the anterior mi- 
tral leaflet. AO = aorta; CW = chest wall; IVS = interventricular 
septum; LA = left atrium; LV = left ventricle; LVOT = left ventricu- 
lar outflow tract; PLV = posterior left ventricular wall; PPM = poste- 
rior papillary muscle; RV = right ventricle: S = sternum. 
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+ tion of this long axis, demonstrates that a 30° sector scan 
ermits examination of the left ventricular outflow tract 
from the aortic valve to slightly below the anular insertion 
i of the anterior mitral leaflet. Figure 2 shows a cross-sec- 
os sector scan of a normal left ventricular outflow tract 


: "strates the orientation of structures at the entrance into 
the left ventricular outflow tract in a normal patient during 
systole. The basal portion of the left ventricle, closed mitral 
pae; left atrium and proximal portion of the left ventricu- 


| i from a slightly higher position; demonstrates the left atri- 
um, the distal outflow tract and the normal aortic root and 
|» valve leaflets. The aortic leaflets appear during diastole as 
E a straight line in the center of the ascending aorta; in addi- 
— tion, the sinuses of Valsalva can be appreciated. In normal 
|. subjects, the walls of the outflow tract are parallel with no 


LVOT-LAX :e1 


Bt 









E . FIGURE 3. Case 2. Cross-sectional sector scan from a patient with 
a thin discrete subvalvular membrane. The area of obstruction can 
ia be seen between the vertical arrows. The obstructing membrane 
1 presents as two distinct echoes adjacent to the anterior and posteri- 
|. or walls of the left ventricular outflow tract (LVOT). AO = aorta; LA 
-= left atrium. Frame recorded 0.21 second after the R wave of the 
v: "resale ori 
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ÁÀ 
e FIGURE 2. Cross-sectional sector scan (LVOT- 
e- LAX) of a normal left ventricular outflow tract 
i and its relation to surrounding structures. A, 
during systole (0.12 second after the R wave). 
The closed mitral valve (AML = anterior mitral 
leaflet), basal portion of the left ventricle (LV), 
left atrium (LA) and entrance to the left ventric- 
. ular outflow tract (LVOT) can be appreciated. B, 
during diastole (0.84 second after the R wave) 
from a slightly high position. The left atrium, 
n distal outflow tract and normal aortic root and 
diastolic position of the valve leaflets (AV) are 
seen. The aortic leaflets present during diastole 
as a straight line in the center of the ascending 
aorta (horizontal arrow). In addition, the sinus- 
es of Valsalva (vertical arrow) can be appre- 
ciated. 


p45 


areas of narrowing. The first change in diameter of the out- 
flow tract generally occurs at the level of the sinuses of Val- 
salva. 


Results 


Group I (Discrete Membranous Type) 


Cross-sectional studies of the left ventricular out- 
flow tract in both patients with discrete membranous 
obstruction (type I) revealed two well defined domi- 
nant echoes within the outflow tract producing a 
clearly demarcated area of narrowing (Fig. 3 and 4). 
These echoes, although related to the anterior and 
posterior margins of the outflow tract, were not con- 
tinuous with the linear echoes from these walls. In 
Case 2, the echoes produced by the obstructing mem- 
brane extended into the outflow tract approximately 
4 mm from the corresponding walls (Fig. 3). The di- 
ameter in the plane of the scan at the level of ob- 
struction was 6 mm (vertical arrows) compared with 
outflow tract diameter of 14 mm in the same plane 
proximal to the area of obstruction. This resulted in 
an apparent decrease in outflow tract diameter of ap- 
proximately 60 percent at this point in the cardiac 
cycle. In Case 1 the anterior and posterior surfaces of 
the obstructing membrane at end-diastole (Fig. 4A) 
are indicated by the vertical arrowheads. Later in 
systole (Fig. 4B), the two dominant echoes from the 
margins of the obstructing membrane have moved to- 
gether and only a slit-like opening in the outflow 
tract remains (horizontal arrow). The two parts of 
this figure illustrate the dynamic nature of these rela- 
tively fixed lesions. 

Figure 5 is an M-mode recording of the left ven- 
tricular outflow tract in Case 2. Although there are 
several fine echoes in the outflow tract that may have 
been produced by the obstructing membrane, we did 
not consider that the M-mode technique clearly de- 
fined the obstructing lesion in this case. 


Group li (Diffuse Fibromuscular Type) 


Examination of the left ventricular outflow tract in 
four of the five patients with diffuse fibromuscular 
type II subvalvular obstruction revealed a more gen- 


EENT 


FIGURE 4. Case 1 (patient with a thin discrete 
subvalvular membrane). A, end-diastolic or ini- 
tial systolic frame recorded 0.09 second after 
onset of the R wave. The anterior mitral leaflet 
(AMV) is in a partially closed position. The inner 
margins of the obstructing membrane are indi- 
cated at the tips of the vertical arrows. The 
aortic root (AO) is indicated by the horizontal 
arrows. B, recorded slightly later in systole, 
0.25 second after the R wave. The two linear 
echoes from the inner margin of the obstructing 
membrane have moved toward each other, re- 
sulting in almost complete obliteration of the left 
ventricular outflow tract. LA = left atrium. 


eralized area of narrowing. The echoes from the walls 
of the narrowed segment were continuous with those 
from the walls of the outflow tract proximal and dis- 
tal to the area of obstruction (Fig. 6). Although the 
length of the outflow tract was small, there was some 
obvious variability in the level at which the maximal 
area of obstruction occurred. In an M-mode record- 
ing from the same patient (Fig. 7), the apparent area 
of obstruction is indicated by the vertical arrow. 

In the fifth case of this group (Case 7), there was 
an area of marked septal thickening at the junction of 
the muscular and membranous septum (Fig. 8, left) 
with a corresponding echo at the mid-portion of the 
anterior mitral leaflet. There was obvious dynamic 
outflow obstruction at the level of these echoes. Sep- 
tal thickness from the narrow basal area of obstruc- 
tion to the cardiac apex was normal. The M-mode re- 
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FIGURE 5. Case 2. M-mode echocardiographic scan of the left ventricular outflow tract (LVOT), corresponding to the cross-sectional study in 
Figure 3. Although there are multiple fine echoes in the left ventricular outflow tract which may be produced by the obstructing membrane, it 
was not possible on multiple scans of the left ventricular outflow tract to clearly demonstrate this structure. AO = aorta; LA = left atrium. 
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cording from the same patient (Fig. 8, right) demon- 
strated a normal septal thickness and septal-posteri- 
or wall ratio at the level of the free edge of the mitral 
valve. The outflow tract distal to the area of the ob- 
struction was also normal. 


Group Ill (Residual Postoperative Obstruction) 


Cross-sectional study of the three patients with re- 
sidual outflow obstruction after surgical revision re- 
vealed various patterns of outflow obstruction. In 
Case 10 a dense echo-producing structure was con- 
fined to the posterior wall of the outflow tract (Fig. 
9). Although there is some linear distortion of the 
echoes in this figure due to the strong reflecting sur- 
face and effect of beam width, the area of obstruction 
is still apparent. In the second case (Case 8), there 
was a small residual echo, again confined to the pos- 
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RE 6. Case 4. Typical cross-sectional recording (0.26 second 
aie ; "fier the R wave) from a patient with diffuse left ventricular outflow 
F «d tract narrowing (type ll). There is gradual inward bowing of both the 
3 anterior and posterior margins of the outflow tract. The echoes at 
. the maximal point of obstruction are continuous with those from the 
. outflow tract superior and inferior to the area of obstruction. In this 
. case, , the area of obstruction extends from immediately below the 
r 2 aortic valve (AO) to the superior portion of the anterior mitral leaflet 
(AMV). Maximal area of obstruction is indicated by the vertical 
arrow heads. IVS = interventricular septum; LA = left atrium. 
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RS aor surface of the outflow tract (Fig. 10). In the 

js A final case (Case 9), there was a diffuse area of outflow 

n narrowing similar to that seen with type II lesions. 

Pi ed. Discussion 

E i Miodode echocardiography has been widely used in 

i - the noninvasive diagnosis of cardiac structural disor- 
ders. 10 In patients with discrete subaortic stenosis, 





abnormalities of aortic valve motion and of the left 
ventricular outflow tract have been reported. Davis - 
et al.* described three patients who manifested initial 
rapid opening of the aortic leaflets followed by 
abrupt closure of at least one leaflet shortly after the 
enset of ventricular ejection. These workers also 
noted a distinct systolic fluttering of the aortic leaf- 
lets (Fig. 11). Popp et al. reported abnormalities of 
the left ventricular outflow tract in three cases of dis- 
crete subaortic stenosis. In one patient with a thin 
obstructing membrane, a fine high intensity echo was 
recorded below the level of the aortic valve near the 
anular insertion of the mitral valve. In the other two 
cases, various degrees of narrowing of the left ventric- 
ular outflow tract were seen. Popp et al. recorded the 
aortic leaflets in two of their three cases and observed 
an abnormal pattern of aortic leaflet motion in one; 
in the second case, the aortic valve was congenitally 
deformed. Laurenceau et al. reported abnormal aor- 
tic valve motion in each of their seven patients and 
am abnormal echo within a reduced left ventricular 
outflow tract in four of the seven. 

Although the abnormal pattern of aortic valve mo- 
tien described by Davis et al.* is helpful in suggesting 
the presence of discrete subaortic stenosis, it is a non- 
specific finding and can be seen in other disorders 
such as idiopathic hypertrophic subaortic stenosis, 
ventricular septal defect and mitral insufficiency. 
Furthermore, it provides no information as to the se- 
verity, location or type of lesion. 

Drawbacks of M-mode recording: Changes in 
diameter of the outflow tract demonstrated during 
M-mode study, although more specific, may be diffi- 
cuit to interpret without the benefit of spatial orien- 
tation. Popp et al.? noted in their case with a discrete 
membranous type I lesion that the high intensity 
echo in the outflow tract made contact with the ante- 
rior mitral leaflet during diastole but separated from 
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. FIGURE 7. Case 4. ‘M-mode echocardiographic scan of the left ventricular outflow tract (LVOT) from same patient. The area of apparent ob- 
struction is mioaa by the vertical arrow. MV = mitral valve. 
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FIGURE 8. Case 7. A, cross-sectional recording (0.39 second after the R wave). There is 
7 a marked increase in septal thickness localized to the superior margin of the muscular 

€^ septum (IVS). A corresponding echo occurring in the mid-portion of the anterior mitral 
valve (AMV) leaflet and extending anteriorly toward the area of septal thickening is also 
apparent. LA = left atrium; LV = left ventricle; PW = posterior left ventricular wall; RV 
= right ventricle. Although this frame is recorded late in systole, the mitral valve is still 
closed. B, M-mode recording illustrating normal septal thickness and normal ratio of sep- 
< tal to posterior wall thickness. Systolic anterior motion of the mitral leaflet was also 


a 





present. 


the leaflet during systole. They attributed this echo 
to the subvalvular diaphragm. In our two cases with a 
type I lesion there was a dominant anterior echo with 
a corresponding posterior echo in the outflow tract. 
In neither case was there contact between the anteri- 
or echo and the anterior mitral leaflet during dias- 
tole. In Figures 3 and 4, it can be appreciated that the 
anterior mitral leaflet lies below the level of the ob- 
structing membrane and could not contact the ante- 
rior echo from the obstructing membrane without 
bending backward on itself. However, the mitral leaf- 





FIGURE 9. Case 10. Cross-sectional study showing a large dense 
area of linear echoes and the posterior wall of the outflow tract 
(vertical arrows). The linearity of these echoes is due to the strong 
reflecting surface and effect of beam width. AO = aorta; other ab- 
breviations as in Figure 8. 


let may open to a point at the same level as, but 
slightly distal to, the anterior echo from the obstruct- 
ing membrane. If these two echoes were at the same 
level during diastole, the effect of beam width might 
result in their being superimposed in the M-mode 
study and thus create an impression of contact. Al- 
though the distortions created by beam width are 
present in all echocardiographic systems, they can be 
more readily appreciated in the cross-sectional mode. 

Artifactual narrowing of the left ventricular out- 
flow tract can be produced during an M-mode study 





FIGURE 10. Case 8. Cross-sectional recording illustrating a small 
area of left ventricular outflow narrowing (tips of vertical arrows) 
that remained after surgical revision of the outflow tract. Abbrevia- 
tions as in Figure 9. 
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be lowed by early systolic motion toward a closed position of the anterior 
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- the M-mode technique. AO = aorta; LA = left atrium. 
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by improper angling of the transducer during contin- 
uous scans from the aorta to the left ventricle. This 
-. occurs when the beam of ultrasound passes eccentri- 
cally through the outflow tract. The spatial orienta- 
tion provided by the cross-sectional method again 
. permits the true center of the outflow tract to be 
_ visualized, and thus more exact probe placement can 
|. be obtained. 
M Patterns of obstruction on cross-sectional 
— study: In this study, we noted several patterns of left 
" ventricular outflow tract obstruction during cross- 
sectional study in patients with discrete subaortic 
stenosis, but two predominant patterns appeared to 
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. were clearly separated from these adjacent walls of 
- the outflow tract and showed varying dynamic mo- 
_ tion throughout the cardiac cycle. We attribute these 
- two echoes to the blood-tissue interface at the inner 
— margins of the obstructing membrane. The linearity 
—— ofthe echoes is due to the effects of beam width. The 
_ length of the echo itself is proportional to the intensi- 

-. ty of the reflecting surface and the width of the ultra- 
= sonic beam. The second predominant pattern was 
‘that seen in four of the five cases of diffuse (type II) 
outflow tract narrowing. In this situation, there was 
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| "an inward bowing of both the anterior and posterior 
-. walls of the outflow tract. The echo-reflecting surface 
— at the maximal point of obstruction was continuous 
. with that from the remainder of the outflow tract. 

_ Inthe fifth case with diffuse outflow tract narrow- 


ing, a unique pattern of outflow obstruction was ob- 
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. FIGURE 11. Case 4. M-mode echocardiographic study of the aortic valve (see Fig. 6 and 7). Normal systolic opening of the aortic valve is fol- 


leaflet (vertical arrow). The anterior leaflet remains in a partially closed 


Ej position throughout the remainder of ventricular systole. There is also motion of the posterior leaflet toward a closed position in the latter portion 
-. of systole. Fine fluttering of both the anterior and posterior leaflets occurs throughout the latter portion of systole. These findings are similar to 
those reported by Davis et al.^ A similar pattern of aortic valve echo motion was noted in each of the seven patients in this study examined by 


served. In this case, a marked area of obstruction at 
the basal end of the muscular septum was produced 
by a narrow shelf-like protrusion into the outflow 
tract. There was a corresponding echo at the mid- 
portion of the anterior mitral leaflet, with dynamic 
obstruction occurring during systole. The remainder 
of the muscular septum was of normal thickness, par- 
ticularly at the level of the free edge of the mitral 
valve. In addition, the septal-posterior wall ratio 
throughout most of the interventricular septum was 
normal. This case may represent a variant in the 
spectrum of left ventricular outflow tract obstruc- 
tion, lying somewhere between true idiopathic hyper- 
trophic subaortic stenosis and true discrete subaortic 
stenosis. 

A different pattern of outflow tract narrowing was 
observed in each of the three cases examined postop- 
eratively, but in each case residual narrowing of the 
outflow tract was clearly demonstrated. Although the 
diagnosis of discrete subaortic stenosis was estab- 
lished in the majority of patients in this study before 
the cross-sectional examination, the last three pa- 
tients were examined before cardiac catheterization 
and the area of outflow tract narrowing was clearly 
demonstrated. In addition, two other patients re- 
ferred for examination with a clinical diagnosis of 
discrete subaortic stenosis were demonstrated to 
have a normal outflow tract on cross-sectional exami- 
nation and again at subsequent cardiac catheteriza- 
tion. We therefore believe that cross-sectional echo- 
cardiography offers an alternative and probably im- 
proved method of noninvasive visualization of the 
left ventricular outflow tract. 
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Functional Abnormalities in Nonoccluded Regions of 
- Myocardium After Experimental Coronary Occlusion 


The performance characterstics of both ischemic and “adjacent” and 
"remote" nonischemic myocardium were studied in open chest dogs 
by three mercury-in-Silastic length gauges sutured to the anterior sur- 
face of the left ventricle before and after occlusion of the distal left an- 
terior descending coronary artery. The adjacent gauge was separated 
from the ischemic segment by one large nonoccluded diagonal branch 
of the left anterior descending artery. Remote myocardium was sepa- 
rated from the ischemic area by two such branches. At the time of oc- 
clusion epicardial S-T segment elevation appeared in the ischemic re- 
gion but not in the adjacent or remote regions. 

Immediately after occlusion, typical changes of ischemic dysfunc- 
tion appeared. Late systolic lengthening, depression of systolic short- 
ening and increased diastolic compliance occurred consistently and 
simultaneously in ischemic and adjacent regions and inconsistently in 
the remote region. Five minutes after occlusion, fiber shortening was 
depressed to 21, 58 and 67 percent of control values in ischemic, ad- 
jacent and remote regions, respectively. Heart rate did not change, 
and mean arterial pressure decreased slightly. 

These changes persisted over time. In 11 of these dogs, end-diastol- 
ic pressure was maintained constant 20 minutes after occlusion. Sys- 
tolic shortening was depressed to 40 and 74 percent of control values 
in the ischemic and adjacent regions, respectively. In six dogs, end- 
diastolic pressure was varied from 5 to 20 mm Hg by rapid volume 
loading during the control state and 30 minutes after occlusion. Systol- 
ic shortening in ischemic, adjacent and remote regions was depressed 
to 20, 40 and 65 percent of control values, respectively. The severity 
of all functional alterations after coronary occlusion was directly relat- 
ed to proximity to the ischemic region. These results indicate that de- 
pression of left ventricular function after coronary occlusion may be 
partially related to previously unrecognized depression of function in 
apparently "nonischemic" myocardium. 


Since the work of Tennant and Wiggers,! the contractile characteris- 
tics of ischemic myocardium have been studied extensively. Recent 
studies?-* utilizing segment length measurements have demonstrated 
specific segment alterations during both systolic and diastolic phases 
of the cardiac cycle in an ischemic region after coronary occlusion. 
The contractile characteristics of nonischemic myocardium after 
coronary occlusion have received considerably less attention. The im- 
portance of assessing the performance of myocardium adjacent and 
remote to the ischemic area lies in the fact that left ventricular func- 
tion after coronary occlusion is determined primarily by the function 
of nonischemic myocardium. Previous studies utilizing regional force 
or length measurements, or both, have demonstrated variable results. 
Banka and Helfant? found no significant changes in contractile char- 
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acteristics of nonischemic myocardium after coronary 
occlusion. Theroux et al. and Pashkow et al.° found 
enhanced systolic function in nonischemic regions 
distant from an ischemic region after coronary occlu- 
sion. While assessing the response of ischemic muscle 
to pharmacologic interventions, we observed appar- 
ent reduction in function in muscle remote from the 
area of coronary occlusion. The possibility that adja- 
cent or remote myocardium may be adversely in- 
fluenced by coronary occlusion is suggested by recent 
studies6-? demonstrating altered myocardial metabo- 
lism in *nonischemic" areas. Areas of necrosis distant 
from the location of coronary occlusion have also 
been described.? This demonstration of metabolic 
and histologic abnormalities in nonischemic myocar- 
dium after coronary occlusion combined with our ini- 
tial observations of altered function in these areas led 
to the present study of the systolic and diastolic per- 
formance of ischemic, adjacent and remote nonisch- 
emic myocardium after coronary occlusion. 


Methods 


Instrumentation: Eighteen mongrel dogs (20 to 28 kg) 
were anesthetized with morphine sulfate (2.2 mg/kg intra- 
muscularly) and chloralose (100 mg/kg intravenously) and 
ventilated with room air by means of an artificial respira- 
tor. A left thoracotomy was performed through the fourth 
interspace. Left ventricular pressures were recorded using a 
pressure transducer (P23Db,- Statham Instruments) and a 6 
inch 10F cannula advanced into the left ventricle through 
the apex. For control of end-diastolic pressure, a large bore 
cannula was sutured into the left atrium and connected on 
the opposite end to a blood reservoir. Aortic pressure was 
recorded using a pressure transducer (P23Db, Statham In- 
struments) and a 100 cm 7F catheter advanced through the 
femoral artery to the arch of the aorta. Aortic and left ven- 
tricular pressures were referenced to the level of the mid- 
left ventricle. Ascending aortic flow was recorded with an 
electromagnetic flowmeter (model RC 1000, Micron Instru- 
ments). These signals were recorded for visual analysis 
(Visicorder model 1505, Honeywell Instruments). 

To assess regional myocardial function, 1 cm long Parks 
Electronics mercury-in-Silastic? length gauges (inner di- 
ameter 0.31 mm, outer diameter 0.62 mm) were sutured to 
the epicardium on the anterior surface of the left ventricle 
in the regions designated ischemic, adjacent and remote 
(Fig. 1). The placement of each gauge was defined as fol- 
lows: The ischemic gauge was fixed to the anterior apex 
within the distribution of the distal left anterior descend- 
ing coronary artery; the adjacent gauge was separated from 
the apical ischemic gauge by one large nonoccluded diago- 
nal branch of the left anterior descending artery; the re- 
mote gauge was separated from the apical ischemic gauge 
by at least two large nonoccluded diagonal branches of this 
artery. In 11 dogs, gauges were placed in the ischemic and 
adjacent regions; in 7 dogs, gauges were placed in all three 
regions. The distal left anterior descending artery was oc- 
cluded as shown in Figure 1. The characteristics and use of 
these length gauges have been described in a previous 
study from this laboratory.!? The length gauges were pre- 
stressed for 30 minutes before each experiment and were 
calibrated at the beginning and end of each experiment by 
fixing the ends of the gauge to the jaws of a vernier caliper 
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FIGURE 1. Schematic illustration of the left ventricular preparatiot 
(see text). Note the location of the three mercury-in-Silastic seg 
ment length gauges in ischemic, adjacent and remote areas of the 
left ventricle (LV). 


and extending the gauge by fixed increments. The gauge 
were oriented in a direction parallel to the direction of thi 
superficial myocardial fibers. Since fiber directions on thi 
anterior surface of the left ventricle were approximatel 
parallel from apex to base, all length gauges were approxi 
mately parallel. 

Experimental procedure: In 11 experiments, end-dia 
stolic pressure was maintained at a constant level and dat; 
were recorded during the control period and 20 minute 
after occlusion of the distal left anterior descending coro 
nary artery. In seven experiments, data were recorded fron 
the ischemic, adjacent and remote sites at 15 second inter 
vals for the first 5 minutes after occlusion; in six of thes 
studies, volume loading was performed 30 minutes after oc 
clusion to obtain function curves over a range of left ven 
tricular end-diastolic pressures from approximately 5 to 2! 
mm Hg. In four of these experiments, epicardial S-T seg 
ment mapping was performed with a cotton-wick electrod 
in the ischemic, adjacent and remote regions (Fig. 1) durin 
the control period and 10 to 15 minutes after coronary oc 
clusion. 

Data analysis: Regional myocardial performance wa 
assessed by systolic shortening as a function of end-diastol 
ic length. The systolic ejection period was determined fror 
aortic and left ventricular pressure recordings and th 
amount of shortening during that period was measure 
from recordings of each length gauge. 

In each experiment, the relation between systolic short 
ening and end-diastolic pressure and segment length wa 
described by an exponential regression, determined by th 
least squares method, for each gauge during both the con 
trol and occlusion periods. 

Left ventricular function was evaluated from measure 
ments of stroke volume and mean arterial pressure at 
given level of end-diastolic pressure. All statistical compar 
isons were performed with Student's paired t test. 
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Results 
terations Immediately After Occlusion 


E. Fi ure 2 shows typical recordings obtained during 
an e xperiment. In the control period two epicardial 
'gment length traces are seen. In both regions, seg- 
1 nt length is maximal in the early part of the ejec- 
period and substantial shortening occurs during 
e systolic ejection period. Fifteen seconds after oc- 
clusion, diminished shortening and late systolic 
- le A aine appear in the ischemic region. Similar 
i adi ia less profound changes are also observed in the 
C 'ent region. These changes become progressively 
mor re pronounced 1 minute after occlusion. Maximal 
(p rejection segment length i increases in both the isch- 
Mimic and adjacent regions, indicating local fiber 
= stretch . There is little reduction in aortic and left 
T Birticülar pressures during this period. 
fee changes in systolic shortening in the isch- 
nic, adjacent and remote regions are shown in Fig- 
ure 3. Systolic shortening values during occlusion 
^ en re compared with the control value at similar end- 
astolic lengths. In all three regions after occlusion 
th mo immediate and simultaneous Hopremmn of 
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@ = Ischemia 
Bi = Adjacent 
A =Remote 

* p<0.05 
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3. Time course of alterations in systolic segment shorten- 
ed as a percent of the control value at a similar end-diastol- 


h for the ischemic (circles), adjacent (squares) and remote 

2s) regions during the first 5 minutes after coronary occlu- 
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FIGURE 2. Alterations of regional 
contractile patterns in ischemic 
and adjacent regions during the 
1st minute after coronary occlu- 
sion in a typical experiment. From 
top to bottom: segment length re- 
cordings from the ischemic re- 
gion (L1), segment length record- - 
ings from the adjacent region (L3), 
aortic pressure (AoP) and left 
ventricular pressure (LVP). SEP = 
systolic ejection period. 





systolic shortening, which declined rapidly during the 
lst minute of occlusion and remained depressed to 
the same degree at 5 minutes. There was a gradation 
in severity of functional depression from the ischemic 
to the remote region: ischemic regional function de- 
creased to 21 percent of the control value 5 minutes 
after occlusion; adjacent regional function decreased 
58 percent and remote regional function to 67 per- 
cent of the control value. The magnitude and pattern 
of late systolic lengthening showed a similar pattern. 
Late systolic lengthening (bulge) was evident in the 
ischemic region several beats after occlusion, in- 
creased to a maximum 30 seconds after occlusion, 
and diminished to zero 5 minutes after occlusion. 
Similar but less profound changes were observed in 
every study in the adjacent region. In the remote re- 
gion, late systolic lengthening was observed in 50 per- 
cent of the studies. Thus, as with the severity of di- 
minished shortening, the magnitude of late systolic 
lengthening showed a gradation apparently related to 
proximity to the ischemic region. 

Table I shows mean values for systemic hemody- 
namics during the same time period. Mean arterial 
pressure decreased from 91 + 4.6 (mean + standard 
error of the mean) to 86 + 4.3 mm Hg, but this 
change was not statistically significant. Left ventric- 
ular end-diastolic pressure increased gradually from 


TABLE I 


Time Course of Sequential Changes in Hemodynamic 
Variables Immediately After Coronary Occlusion 
(mean values + standard error of the mean) 











Left 
Ventricular 
Mean End- Cardiac Heart 
Arterial Diastolic Output Rate 
Pressure Pressure (liters/ (beats/ 
(mm Hg) (mm Hg) min) min) 
Control 91 * 4.6 5.4 * 1.0 1.5 + 0.27 106 * 7.3. 
After occlusion 
15 seconds 91+46 65+1.1 1.4 + 0.27 104 +57 
30 seconds 88+44 78414 14+0.25 105+62 | 
1 minute 86+6.0 84+14 14+0.19 104+59 — 
21/2minutes 87+6.2 90-14 15+0.24 103+51 © 
5 minm AP 86-:4.3 8.0 tA Ty; 1.5 +0.18 Tori 105 $48. 
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TABLE II 


Depression of Regional Systolic Shortening and Total 
Cardiac Function After Coronary Occlusion in 11 Studies 
(mean values + standard error of the mean) 








Mean Ischemic 
Stroke Arterial Systolic 
LVEDP Volume Pressure Shortening 
(mm Ha) (ml) (mm Hg) (mm) 
Control 11.6+0.77 16.5-*-1.35 1214107 2.62+0.42 
20 minutes 11.4+0.56 12.5+ 1.62 88 * 7.5 1.04 + 0.28 
after 
occlusion 
Paired t test NS P <0.005 P <0.02 P <0.0005 





LVEDP = left ventricular end-diastolic pressure; NS = not signifi- 
cant; P = probability. - 


5.4 + 1.0 to 8.0 + 1.1 mm Hg, whereas cardiac output 
and heart rate remained at control levels, thus 
suggesting that increased preload served to compen- 
sate for the tendency to reduced total cardiac perfor- 
mance induced by coronary occlusion. 


Prolonged Alterations After Occlusion 


In the 11 experiments in which left ventricular 
end-diastolic pressure was maintained at a constant 
11.5 mm Hg, stroke volume, arterial pressure and 
stroke work were significantly decreased 20 minutes 
after coronary occlusion, thus indicating a substan- 
tial depression in total cardiac function (Table II). 
Systolic shortening in the apical ischemic region was 
significantly decreased to 40 percent of the control 
value 20 minutes after occlusion (Table II). 

Regional systolic shortening: As with the imme- 
diate alterations in regional function after occlusion, 
changes in systolic shortening were profound in the 
ischemic region and greatly exceeded changes in total 
cardiac function (Table II). However, changes in sys- 
tolic shortening in the adjacent region 20 minutes 
after coronary occlusion were substantial (Fig. 4); 
mean systolic shortening decreased from 2.08 + 0.26 
to 1.53 + 0.21 mm (P «0.005). 

Regional contractile function at various levels 
of preload: Depression in regional myocardial func- 
tion was then assessed over a full range of preload in 
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ISCHEMIC 


FIGURE 5. Regional function 
curves for the ischemic, adjacent 
and remote regions during the 
control period and 30 minutes 


ment. Left ventricular end-diastol- 
ic pressure (LVEDP) is plotted 
against systolic shortening. A 
Frank-Starling response is evident 
in these function curves. The 
postocclusion myocardial function 
curves are depressed in the fol- 
lowing order (most to least severe 
depression): (1) ischemic, (2) ad- 
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. jacent and (3) remote. 
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FIGURE 4. Individual changes in systolic segment shortening in th 
adjacent region 20 minutes after coronary occlusion in 11 exper 
ments. End-diastolic pressure was held at a constant level of 11. 
mm Hg. Systolic shortening in the adjacent region decreased in nin 
experiments and increased in two, with a statistically significant. de 
crease in the mean value from 2.08 + 0.26 (standard error of th 
mean) to 1.53 + 0.21 mm (P <0.005). 


Control 


six dogs by volume loading. Figure 5 illustrates re 
gional function curves for the ischemic, adjacent an 
remote myocardial regions during the control perio 
and 30 minutes after occlusion in a typical exper 
ment. During the control period there was a “Stai 
ling" response during volume loading in all thre 
myocardial regions. Thirty minutes after occlusion a 
three regions demonstrated a substantial reductio 
in contraction whose magnitude was directly relate 
to proximity to the coronary occlusion. Only in th 
remote region was there still an obvious “Starling 
response. Figure 6 summarizes the results of six e 
periments in which systolic shortening after occh 
sion was determined in all three regions and e» 
pressed as percent of the control value at left ventric 


REMOTE 


ADJACENT 





An se tate 
mmHg 


O ran 
I6 20 4 812 6 
den 


























Qa we Mb re memi m mm wm m mee Control 


A ————- ^ Remote 





W Adjacent 
9 Ischemic 






o 





5 IO I5 20 


Be EDP mmHg 
i FIGURE ‘6. Systolic shortening is plotted 30 minutes after occlusion 
aS a percent of control value (dotted line) for ischemic (circles), 
a ac cent (squares) and remote uan regions at left ventricular 


ular end-diastolic pressures of 5, 10, 15 and 20 mm 
lg. Coronary occlusion resulted in profound depres- 
ba on of regional function in the ischemic region and 
- substantial depression in the adjacent and remote re- 
M gions. Regional myocardial function in these six ex- 
- periments ranged from 18 to 27 percent of the control 
j value i in the apical ischemic region, from 37 to 41 per- 
M. ent. of the control value in the adjacent region and 
J from 36 to 67 percent of the control value in the re- 
4 mote region. All changes were statistically significant. 
In four experiments substantial S-T segment eleva- 
. tion occurred in the region of the ischemic gauge, but 
“no S-T changes occurred in the adjacent or remote 
3 “regions. 
i) Regional diastolic compliance: To study region- 
al diastolic compliance, end-diastolic length from 


A ifs uel a small but consistent i increase ayata aa 
(4 poo in length at a given end-diastolic pressure 
" as observed in the ischemic region after occlusion. 
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Similarly, the middle Deaf show a PES bat consis- 
tent increase (approximately 3 percent) in the adja- 
cent region; and the right panel shows a small in- 
consistent increase (less than 2 percent) in the re- 
mote region. As with the depression of regional myo- 
cardial function, the extent of the increase in regional 
diastolic compliance was directly related to proximity 
to the ischemic region. 


Discussion 


This study indicates that after occlusion of the dis- 
tal left anterior descending coronary artery, function- 
al abnormalities are found consistently in regions of 
myocardium that appear to be perfused by patent 
vessels. The evidence for altered function in these re- 
gions comes from five related observations: (1) Clear- 
ly detectable changes occur in the pattern of systolic 
contraction and diastolic compliance of adjacent and 
remote muscle, and these changes are morphological- 
ly indistinguishable from those that occur with isch- 
emia; (2) the time course of these changes parallel 
those seen in the ischemic muscle; (3) diminution in 
function is seen over the physiologic range of preload; 
(4) these changes are consistently seen from animal 
to animal; and, (5) these changes diminish in magni- 
tude as distance from the occluded vessel increases. 

Comparison with previous studies: These results 
are unlike the findings in many previous reports. Re- 
cently, Theroux et al.,* using pairs of ultrasonic crys- 
tals implanted near the endocardium of open chest 
dogs, found a 21 percent enhancement of segmental 
shortening in areas distal to the occlusion in the first 
10 beats after coronary ligation. Later this control 
segment responded according to the Frank- Starling 
mechanism. Pashkow et al.,° using force gauges in 
open chest pigs, found significant increases in the 
contractile force of myocardium remote from the site 
of occlusion; the response was obliterated when the 
artery perfusing the area was cannulated. This find- 
ing was interpreted as indicative of a vascular neural 
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FIGURE 7. End-diastolic pressure-segment length relation before (open symbols) ad 30 minutes after coronary occlusion (closed symbols) 
for the ischemic (circles), adjacent (squares) and remote (triangles) regions. Symbols indicate the mean value + standard error of the mean 
for six experiments. Coronary occlusion resulted in a statistically significant shift to the right of the diastolic pressure-length relation in the isch- 
 emic and adjacent. di but no PME enge in the remote tego EDL = end-diastolic si LVEDP. = left Vontricülar end-diastolic 
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reflex that was interrupted by the ligature used to 
tighten the cannulation. Other investigators!! also 
found enhanced function in nonischemic zones; and 
b such findings have been considered to represent com- 
pensatory mechanisms associated with coronary oc- 
clusion. But the data are not uniform. Banka and 
Helfant,’ using epicardial length gauges in open chest 
dogs, and Heikkila et al,!? using both epicardial 
length and wall thickness measurements in open 
chest pigs, found no significant changes in mechani- 
cal function of the nonischemic segment. Most re- 
cently, Heyndrickx et al.!? using ultrasonic crystals, 
and Keaber et al.!4 using echocardiography, found 
some depression of mechanical function in nonisch- 
emic myocardium after coronary occlusion. 

'The reason for the discrepancies between our re- 
sults and those of others is not known, but some 
possibilities may be considered. First, it is possible 
that the gauges in our study were located in ischemic 
rather than nonischemic zones. There are two argu- 
ments against this possibility: (a) The gauges in the 

à adjacent and remote areas were separated from the 
ischemic region by at least one large nonoccluded di- 
agonal branch of the left anterior descending coro- 
nary artery, and previous studies!? have shown that 
coronary flow into nonoccluded regions does not de- 
crease after a local coronary occlusion. (b) Epicardial 
S-T segment maps before and after occlusion of the 
left anterior descending artery showed substantial 
S-T segment elevation in the ischemic region but no 
S-T change in the adjacent and remote regions di- 
rectly over the site of the length gauges. A second 
possibility is differences in location of the gauges 
used to assess function. In our study, length gauges 
were sutured to the apex, equator and base on the an- 
terior surface of the left ventricle. In previous studies 
the precise location of the gauges with respect to the 
ischemic zone was not described. Furthermore, in our 
study length gauges were coupled to the epicardial 
surface of the ventricle; whereas, in some previous 
studies, other types of gauges were inserted into 
deeper layers of left ventricular myocardium. Thus, it 
is possible that other studies assessed different re- 
gions that were unaffected or exhibited compensato- 
ry increase in function, since enhanced function 
could conceivably appear in one nonischemic area 
and depressed function in another. A third possibility 
is differences in preload. In most other studies, pre- 
load was not considered, and an apparent increase in 
contractile performances of remote myocardium may 
have resulted from increased preload alone. 

Mechanism of depressed function in remote 
areas: Previous investigators have documented his- 
tologic and metabolic abnormalities in nonischemic 
myocardium. Vikhert and Cherpachenko? found in 
nonoccluded regions of rabbit myocardium after in- 
farction mitochondrial damage including swelling, 
opening of the matrix and a decrease in the number 
of cristae. Reduction in tissue glycogen content and 
alteration in fat and protein metabolism were also 
described. In addition, the magnitude of glycolytic 
abnormalities in *nonischemic" myocardium de- 
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creased as the distance from the ischemic zone in 
creased. The authors hypothesized that these abnor 
malities may have reflected increased catecholamin: 
stimulation in the ischemic area. Corday et al." re 
ported both decreased lactate extraction and isch 
emic histologic changes in areas of myocardium re 
mote from the site of coronary occlusion. Althoug] 
comparable data from man must be viewed with ex 
ceptional caution, Vail? described contracture dystro 
phy and destruction of muscle fibers in areas distan 
from the main zone of acute injury in patients dyin 
with acute myocardial infarction. 

These data from other studies suggest that isch 
emia may play some role in depression of function ii 
myocardium remote from the site of occlusion. O) 
the other hand, our observations suggest that this ex 
planation may be insufficient. In addition to the ab 
sence of S- T segment elevation and the presence of 
patent vessel serving the adjacent and remote area: 
there were no important changes in aortic perfusio 
pressure or heart rate during the period in which r« 
gional performance showed its most dramatic chang: 
For this reason, an additional mechanism, the “para 
lel fiber hypothesis," should be considered. The ir 
tact heart is a complex, interwoven network of mu: 
cle fibers: A muscle fiber acts only as its neighbor a 
lows it to act.!6 A depressed ischemic papillary mu: 
cle “in series" with a normal muscle will allow th 
normal muscle to contract with greater shortening. 
On the other hand, an ischemic muscle “in parallel 
with a normal muscle might be expected to functio 
as a parallel resistance, particularly if contraction ` 
dyssynchronous, transmitting to its adjacent norm: 
muscle some of its own contractile characteristics. I 
our study, muscle fibers either directly adjacent o 
the epicardial surface or directly beneath on tt 
subepicardial surface would be “in parallel” to tk 
adjacent and remote fibers studied. Particularly i 
nonischemic muscle fibers directly adjacent to dy 
functional ischemic fibers, it could be hypothesize 
that the changes described in our study might occ 
and that their magnitude would diminish with i 
creasing distance from the ischemic site. 

Implications of study: The demonstration | 
functional depression in nonoccluded myocardiu 
after coronary occlusion is potentially important f. 
the understanding of mechanisms regulating cardi; 
performance. Traditionally, cardiac failure aft 
acute myocardial infarction has been attributed 
mechanical phenomena in the ischemic area; par 
doxical expansion of the ischemic segment has be 
related to the decrease in stroke volume. Howeve 
our results suggest that a depression of the mechar 
cal performance in areas outside the ischemic zo) 
may also be a contributory factor to decreases 
stroke volume and cardiac output. Our study has n 
established the full significance of a reduction in t] 
mechanical performance of nonischemic myocardiu 
upon the total cardiac performance, but it indicat 
that alterations in total cardiac performance are n 
necessarily accounted for by alterations in the isc 
emic zone alone. 


n | Cardiol 33:161, 1974 


mic pa nonischemic myocar- 
3 coronary ligation Am J Cardiol 34:158-163, 


d din D, Ross J, et al: Regional myocardial func- 
te coronary occlusion and its modification by 

c agents in the dog. Circ Res 35:896-908, 1974 
Holland R, Brooks H: Dynamic responsiveness of 
; dis um during transient anterior wall ischemia 


Gudbjarnason S, Puri PS, et al: Early changes in 


y met T etabc = in the myocardium following acute coronary 


TAA 
wae À 


anesthetized dogs. Circ Res 23:429-438, 


nL, Meerbaum S, et al: Consequences of cor- 
f ücclusiód on remote myocardium: effects of oc- 
reper Am J Cardiol 36:385-394, 1975 
IM, Cherpachenko NM: Changes in metabolism of 
d sections of myocardium following infarction, Circ 
m, 1974 
dial changes outside the zone of a fresh infarc- 
abs Circulation 50:9-10, 1974 


14. Kerber RE, Marcus ML, Ehrhardt J, et al: Corre 


15. Marshall RJ, Parratt JR, Ledingham IMcA: 


17. Tyberg JV, Parmley WW, Sonnenblick EH: In vitro studies a d 


12. Plein J, Tabak BS; inicie 


tion in normal and infarcted regions of (the Ce 
vase Res 6:516-531, 1972. , 9! et ven ! Co 


13. Heyndrickx GR, Millard RW, McRitchie RJ, ú al: 


myocardial functional and electrophysiological meat 
brief coronary artery occlusion in conscious UR DEW iy 


56:978-985, 1975 or: 
n between ys 


echocardiographically demonstrated segmental ae ant 
` regional myocardial perfusion. Circulation . 52: 1 WA 
1975 

Changes in blood - 
flow and oxygen consumption in normal and ischemic gions ae 


following acute coronary ligation. Cardiovasc Res do pa ‘ ds 
1974 Pape. P 


states in canine left ventricular myocardium. II. Fiber 
sarcomere length. Circ Res 33:656-664, 1973 = | 


16. Streeter DD, Hanna WT: Engineering Wióchanlos for successive i à | 


“AS 
Ss 


ventricular asynchrony and egent hypoxia. Circ Res. 25: 
569-579, 1969 





EAT LUN 


BEY 








aS TZ e RBS E eee "S ^ 


- CETTE AE NE ES qa A ESI E 


EC d "4 " - A aa S81PR* à FX E C CTWESRLPEVZXS 
USES P Ne es PNE ais. xd: zd Ets 
i e ve ! ~~ F ` WT 


n 


a 


Alterations in Myocardial Function During 
Bacterial Infective Cardiomyopathy 


CHARLES W. TOMLINSON, PhD* 
NARANJAN S. DHALLA, PhD, FIC 


Winnipeg, Manitoba, Canada 


From the Experimental Cardiology Laboratory, 
Department of Physiology, Faculty of Medicine, 
University of Manitoba, Winnipeg, Canada. This 
study was supported by the Manitoba Heart 
Foundation and is taken from the thesis submit- 
ted by Dr. Tomlinson to the University of Mani- 
toba for the PhD degree in physiology. Manu- 
script accepted July 9, 1975. 

* Recipient of a Medical Scientist Award 
from. the Canadian Heart Foundation, 

Address for reprints: Naranjan S. Dhalla, 
PhD, Experimental Cardiology Laboratory, Fac- 
ulty of Medicine, University of Manitoba, Winni- 
peg, Manitoba, Canada, R3E OW3, 


The status of myocardial function in rabbits subjected to cardiac cath- 
eterization and infection with Streptococcus viridans was assessed at 
3 and 6 days. Sham-operated control animals as well as uninfected 
catheterized animals were used for comparison. Although left heart 
hypertrophy and interstitial edema were evident in both uninfected 
and infected animals, the infected animals exhibited in addition 
mononuclear cell infiltration and muscle degeneration as well as lung 
congestion and accumulation of pleural fluid. Both uninfected and in- 
fected animals had elevated levels of serum creatine phosphokinase, 
lactic dehydrogenase and glutamic oxaloacetic transaminase as well 
as electrocardiographic abnormalities such as increased amplitude of 
the QRS complex and flattening or inversion of the T wave. Unlike 
findings in the uninfected animals, the serum calcium, magnesium and 
sodium levels were slightly but significantly decreased and serum po- 
tassium levels were increased in the infected rabbits. Both heart rate 
and pulse pressure were higher in 6 day uninfected and 3 day infected 
animals whereas 6 day infected animals showed a decrease in hear! 
rate. In comparison to the sham-operated control rabbits and the unin- 
fected animals, the infected animals exhibited depression in the rates 
of left ventricular pressure development and relaxation as well as pro: 
longation in time for half relaxation in situ. Relative maximal contrac: 
tile element velocity extrapolated from intraventricular pressure-ve- 
locity curves was decreased by 24, 52 and 76 percent, respectively 
of control values in the uninfected hearts and those with 3 and 6 days 
of infection. The isolated perfused hearts from infected animals alsc 
generated less contractile force and showed a decrease in the rates o 
contraction and relaxation, but half-relaxation time was increased 
These results demonstrate myocardial dysfunction during experimen: 
tal bacterial endocarditis and provide evidence that infective Cor 
myopathy is associated with heart failure. 


Although a striking change in the spectrum of bacterial and vira 
agents responsible for endocarditis has been reported, 1-? Streptococ 
cus viridans is still considered one of the main etiologic agents caus 
ing clinical disease. Infection by this organism can occur after variou: 
cardiovascular diagnostic procedures, cardiac surgery, creation o 
arteriovenous fistulas for dialysis,9? narcotic injections® or differen: 
medical treatments that predispose the bloodstream to bacteria 
invasion. In spite of the availability of effective antibiotic agents, the 
mortality rate of patients with infective endocarditis remains higt 
and is mainly attributed to congestive heart failure.!19-1? Although the 
role of different factors causing heart failure after bacterial infectior 
is not clearly defined, valvular dysfunction leading to valvular insuf 
ficiency has been thought to account for the majority of cases. 
Histologic examination of myocardium from patients with bacteri 
al endocarditis!?-!^ and in numerous experimental models!6-1* has re 
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b. vealed the presence of myocardial lesions in more 
- than 90 percent of cases. Recently, a reliable model of 
. infective endocarditis simulating the human disease 
has been developed by injection of a bacterial sus- 
_ pension into catheterized rabbit hearts.!?-?! Our pre- 
-vious studies?? concerning changes in ultrastructure 
? Sol papillary muscle in this experimental model indi- 
_eated the presence of cardiomyopathy. In this study 
- we examine some of the changes in myocardial func- 
tion occurring in these rabbits with infective cardio- 
“myopathy in order to demonstrate the presence of 
heart failure. The extent of myocardial damage in the 
rm experimental animals was also evaluated by monitor- 
ee ing the electrocardiographic changes, serum electro- 
i _lytes and serum enzyme levels. 
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Methods 


Experimental preparation: Healthy normal New Zea- 
~ land White male rabbits (1 to 2 kg each) were studied. All 
- animals were anesthetized by intraperitoneal injection of 
. sodium pentobarbital (45 mg/kg body weight). An incision 
- was made in the neck slightly to the right of the midline, 
and the right carotid artery was exposed. In one third of 
= the rabbits, the carotid artery was ligated and the wound 
- closed, the animals serving as a sham-operated control 
. group. In the remaining rabbits, the carotid artery was 
. catheterized with a polyethylene tube (external diameter 
..0.9 mm, internal diameter 0.6 mm) filled with sterile saline 
* solution. The tip of the catheter was positioned in the left 
— ventricle with the aid of a Statham pressure transducer 
. (P23Db) that indicated a sudden decrease in diastolic pres- 
sure. The catheter was tied in place, heat-sealed and buried 
adm the wound was closed. After the rabbits had recov- 
E: _ered for 24 hours, bacterial endocarditis was induced in one 
half of the catheterized group by a single injection of differ- 
. ent doses of Streptococcus viridans (107 organisms/kg) into 
ey. . the marginal ear vein. The strain of streptococcus used was 
- originally isolated from the blood of a patient with bacteri- 
al endocarditis and identified as Streptococcus sanguis, 
É type I (American Type Culture Collection, Rockville, Md.). 
- The bacteria were cultured on Todd-Hewitt-agar slants 
b and then incubated overnight in Todd-Hewitt broth at 39? 

. € before injection. The number of bacterial organisms in a 
d 1 ml suspension was adjusted by dilution of the Todd-Hew- 
. itt broth culture with saline solution (usually 1:100 dilu- 
- tion) and spectrophotometric comparison at 650 mu 
. against a standard curve constructed for this organism by 
ea use of a Petroff-Hausser counting chamber. The purity of 
b this bacterial suspension was assessed by Gram stain exam- 
i ination. The dose used in our experiments has been found 
r to produce a 100 percent incidence rate of infective endo- 
— carditis with valvular vegetations and characteristic le- 
.. sions.22 
5 In the other half of the catheterized group an equivalent 
- volume (1 ml) of Todd-Hewitt broth diluted with saline so- 
- lution was injected. This uninfected catheterized group was 
used to establish the contribution of hypertrophic changes 
— caused by catheterization alone. The hypertrophy observed 
in such animals?? is possibly associated with some degree of 
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in the left ventricle. The sham-operated animal group also 
. received 1 ml of Todd-Hewitt broth-saline suspension. The 
. values for sham-operated animals overlapped those ob- 
E tained from the normal healthy rabbits and therefore the 
_ former animals were designated controls. All the animals 
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. aortic valve dysfunction due to the presence of the catheter. 
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were kept in environmentally controlled infection rooms 
and maintained on a standard rabbit diet fed at will. The 
operative mortality rate within the first 24 hours was less 
than 5 percent. No spontaneous deaths occurred in the 
catheterized group given saline solution whereas the sur- 
vival time for the infected animals ranged from 6 to 8 
days.?? 

Gross and histologic examination: Three and 6 days 
after injection the rabbits were killed by cervical disloca- 
tion; the heart was quickly removed and weighed. In one 
set of experiments, small portions of the left and right ven- 
tricles were dissected out, and the middle section of the 
ventricular wall (thickness about 2 mm) was fixed in 10 
percent buffered formalin, pH 7.0, for 1 week. These tissues 
were dehydrated in a graded series of ethanol and xylol, 
embedded in paraffin, sectioned (thickness 5 to 10 u) and 
stained with hematoxylin-eosin for histologic examination. 
In another set of experiments, the left ventricle was care- 
fully dissected and the dry weight was determined by keep- 
ing the fresh tissue in an oven at 100? C for 3 days. 

Serum electrolytes and enzymes: Samples (about 20 
ml) of blood were obtained by cardiac puncture from the 
sham-operated, uninfected catheterized and infected rab- 
bit groups, and serum was prepared by allowing the blood 
to clot and subsequent centrifugation to remove the clotted 
blood. For electrolyte determination, the serum was boiled 
for 30 minutes after the addition of 2N hydrogen chloride, 
centrifuged at 5,000 X g, and the supernatant employed for 
analysis.?? The calcium, magnesium, potassium and sodium 
concentrations were measured by atomic absorption with a 
Zeiss atomic absorption spectrophotometer. Lanthanum 
chloride (1 percent) and strontium chloride (0.25 percent) 
were used in the determination of calcium and magnesium 
levels, respectively, to prevent interference by other ions. 
Similarly, cesium chloride (0.1 percent) was added to the 
supernatant samples when potassium and sodium were de- 
termined. 

Serum creatine phosphokinase levels (CPK) was deter- 
mined by the method of Rosalki?* with a Gilford 3400 auto- 
matic enzyme analyzer. Serum lactate dehydrogenase 
(LDH), glutamic oxaloacetic transaminase (GOT) and al- 
kaline phosphatase levels were determined by routine clini- 
cal methods using a Technicon SMA Flex automatic ana- 
lyzer.?5-?7 

Electrocardiographic and pressure recordings: Rab- 
bits used for this purpose were anesthetized with sodium 
pentobarbital (45 mg/kg injected intraperitoneally), and 30 
minutes later an electrocardiogram using standard limb 
leads was obtained. A Grass polygraph (7WC9PA) with an 
electrocardiographic preamplifier (7P6A) and pin electrode 
attachments to shaved areas on rabbit front and hind limbs 
were used for this purpose. After the electrocardiogram was 
recorded, the right carotid artery was exposed, the original 
catheter carefully removed and a second catheter with at- 
tachment to the polygraph put in its place. In infected rab- 
bits it was sometimes necessary to cannulate the artery at a 
point closer to the heart than in the first catheterization. 
The catheter was moved until it was judged to be close to 
the carotid-aortic junction. Pressure was monitored with a 
Statham P23Db pressure transducer connected to the new 
catheter, and recordings were made on a Grass polygraph 
recorder. For intraventricular recordings, the catheter was 
positioned in the left ventricle. The rate of change of ven- 
tricular pressure (dP/dt) was monitored with the use of a 
differential amplifier. 

Isolated heart preparation: Rabbits used for this pur- 
pose were sacrificed by cervical dislocation; the heart was 
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FIGURE 1. Hypertrophy in experimental bacterial endocarditis. a, 
heart from sham-operated control rabbit; b, heart from uninfected 
catheterized rabbit 6 days after injection of saline solution; c, heart 
from rabbit with bacterial endocarditis 3 days after injection of 
Streptococcus viridans; d, heart from rabbit with bacterial endocar- 
ditis 6 days after injection of Streptococcus viridans. (X 1.5, reduced 
by 19 percent.) 


quickly removed and chilled in ice-cold perfusion medium. 
85 After trimming of fatty material and connective tissue, the 
heart was arranged for coronary perfusion by the Langen- 
dorff technique as described previously.?? The heart was 
equilibrated for 15 minutes with Krebs-Henseleit solution 
of the following composition (millimolar): sodium chloride 
120; sodium bicarbonate 25; potassium chloride 4.8; potas- 
sium hydrophosphate 1.25; magnesium sulfate 1.25; calci- 
um chloride 1.25; glucose 8.6. The perfusion medium, pH 
7.4, was oxygenated with a gas mixture of 95 percent oxy- 
gen and 5 percent carbon dioxide and maintained at a tem- 
perature of 37? C. Flow was kept constant at a rate of 
about 60 ml/min. The apex of the heart was wired to a force 
displacement transducer (FTO3C) by a pulley, and con- 
tractile force and rate of change of force were monitored at 
various degrees of resting tension. 

Statistical analysis: Student's t test was used to ana- 
lyze the statistical significance of differences in paired and 
unpaired data. Data from infected animals were compared 
with those obtained from both sham-operated control and 
uninfected animals at the same time periods after injection. 





Results 


General observations: The rabbits infected with 
Streptococcus viridans became lethargic within 3 
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days, and their rectal temperature was 40.8 + 0.3 
(mean + standard error of the mean) and 40.5 + 0.2? 
C 3 and 6 days, respectively, after injection. The 
sham-operated and uninfected catheterized rabbit 
groups, showed normal behavior and their rectal tem- 
perature ranged from 38.6 to 38.9? C. Both infected 
and uninfected catheterized rabbit hearts exhibited 
hypertrophy (Fig. 1), but hearts studied 6 days after 
infection were pale, patchy and flabby. The aortic 
valve and adjacent portions of the left ventricular 
wall of the infected hearts were covered with massive 
vegetations similar to those seen at autopsy of pa- 
tients with infective endocarditis.? In comparison 
with findings in hypertrophied hearts from uninfect- 
ed catheterized animals, the left ventricular wall of 
the infected animals was thicker (Table I). Not only 
were heart weight and left ventricular weight in. 
creased (P <0.01), but also the ratio of wet weight tc 
dry weight was significantly greater (P <0.01) in un 
infected and infected catheterized animal group: 
than in the sham-operated control group. The infect 
ed rabbits studied 6 days after bacterial injection hac 
a significantly larger heart (P <0.01) than either the 
control or uninfected catheterized rabbit group. The 
left ventricular weight/body weight ratio was signifi 
cantly increased (P <0.01) in both uninfected and in 
fected rabbits, and the magnitude of the change wai 
greater (P <0.01) in infected than in uninfected ani 
mals; however, unlike uninfected and control ani 
mals, the infected animals demonstrated a 20 percen 
loss of weight at later stages of disease. Although lun; 
congestion and accumulation of pleural fluid wer 
seen in all infected animals at late stages of disease 
no liver, spleen or kidney abnormalities were found 
None of these clinical signs were noted in sham-oper 
ated or uninfected catheterized animals. 
Ventricular histology: By comparison with find 
ings in sham-operated control rabbits, the sections o 
left ventricular tissue of both uninfected and infectec 
hearts showed marked thickening of myofibers a 


TABLE I 


Evaluation of Cardiac Hypertrophy in Control, Uninfected 
and Infected Rabbit Groups l 





Left Ventric- | 
Left Ventric- ular/Body 





Heart Weight ular Weight Weight Wet Weight 
Group (g) (g) (x10?) Dry Weight 
Control 4.47 +0.16 2.91+0.11 1.36+ 0.06 4.08 + 0.19 
Uninfected 
3 days 5.01 +0.15 3.41 +0.34 1.50+0.11 4.11 +0.26 
6 days 5.86 + 0.35* 4.00 + 0.28* 1.76 + 0.06* 4.55 + 0.17 
Infected 
3 days 5.98 + 0.31* 3.95 + 0.21* 2.10 + 0.10f 4.49 + 0.22 
6 days 6.57 + 0.30f 4.90 + 0.16* 2.55 + O0.09t 4.98 * 0.15 





Each value represents the mean * standard error of 6 to 10 exper 
ments. 

*Significantly different from value in sham-operated control grou 
(P < 0.01). | l 

f Significantly different from values incontrolanduninfected grou] 
(P < 0.01). 
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. FIGURE 3. High power photomicrograph of left ventricular myocar- 


dium of rabbit with bacterial endocarditis 6 days after infection with 
Streptococcus viridans showing fatty degeneration (F), disruption 
and necrosis of myofibers (M) and particularly severe damage near 
vessels (V). (Hematoxylin-eosin X625, reduced by 31 percent.) 





URN ee OLEN safe HERETO CEA ATI TUEA EY mm mem T E X ae AE DT RP Rae 


"-.- 
= * 





T \ " T. 7t 
B = Ar ON ; 
` p 2a Ac EE 


Pe . FIGURE 2. Low power EEEE EPEA of left veritribulàr ES UR tm: ETAPIE control rabbit (a), uninfected rabbit at 6 days (b) 
- and infected rabbit at 6 days (c), showing Bracht-Wáchter (BW) lesions consisting of mononuclear cell infiltration and muscle degeneration, 
edematous spaces (E) and hypertrophic myofibers (M). (Hematoxylin-eosin X250, reduced by 32 percent.) 


well as interstitial edema (Fig. 2). In addition, the in- 
fected hearts showed mononuclear cell infiltration 
with areas of muscle necrosis and fatty degeneration 
(Fig. 3). The mononuclear cell infiltration and muscle 
necrosis were particularly severe in perivascular 
areas. These histologic lesions, although relatively lo- 
calized and mild 3 days after infection, became con- 
sistently diffuse and more intense 6 days after infec- 
tion. Although the coronary arteries were not system- 
atically examined, no evidence of emboli due to dis- 
lodged vegetations was seen upon general inspection 
of coronary vessels during histologic examination of 
the infected left ventricular tissue. 

No gross or histologic changes were seen in the 
right ventricular tissue of any animal. It should be 
pointed out that the development of endocarditis in 
the left ventricle in 100 percent of the experimental 
animals required the presence of the catheter to serve 
as a nidus for infection. This observation is substan- 
tiated bv the occurrence of endocarditis in only the 
right ventricle when the catheter is placed in the 
right side of the heart.?! Furthermore, the incidence 
rate of endocarditis in the absence of the catheter 
was very low when rabbits were injected with the 
doses of bacteria used in this study. 

Serum enzymes and electrolytes: Significant (P 
« 0.01) elevations of CPK, LDH and GOT levels were 
observed in both the uninfected catheterized and in- 
fected animal groups (Table II). Although the in- 
creases in CPK and GOT in infected and uninfected 
animals were comparable, the elevation in LDH was 
significantly (P «0.01) higher in the uninfected cath- 
eterized animal group than in the infected animals. 
In contrast to the serum from control and uninfected 
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| animals, the serum of infected rabbits had a signifi- 


cant (P «0.01) decrease in the level of alkaline phos- 
phatase. In comparison with findings in both control 
and uninfected catheterized animal groups, in infect- 
ed animals the levels of serum calcium, magnesium 
and sodium were slightly but significantly (P <0.05) 
decreased whereas the serum potassium level was in- 
creased (P «0.05) (Table III). 

Electrocardiographic and pressure changes: 
Typical electrocardiographic tracings (lead II) from 
sham-operated, uninfected and infected rabbits are 
shown in Figure 4. All animals in the infected and 
uninfected catheterized groups had increased ampli- 
tude of the QRS complex and flattening or inversion 
of the T wave. 

Both infected rabbits at 3 days and uninfected rab- 
bits at 6 days had an increase (P <0.05) in heart rate 
and a widening (P «0.05) of pulse pressure in com- 
parison with control animals (Table IV); however, no 
change (P >0.05) in pulse pressure and a decrease (P 
<0.05) in heart rate were observed in infected rabbits 
studied at 6 days. Although a decrease (P «0.05) in 
diastolic pressure was demonstrated at both 3 and 6 
days of infection, a decrease (P <0,05) in systolic 
blood pressure was seen only at 6 days. The absence 


TABLE II 


Serum Enzymes in Control, Uninfected 
and Infected Rabbit Groups 





Creatine Lactic Glutamic Alkaline 
Phospho- Dehydro- Oxaloacetic — Phospha- 
Group kinase genase . Transaminase tase 
Control 449 + 88 281 + 24 48 + 6.2 125+5.2 
Uninfected 


(6days) 1466+194* 1006+47* 133+13.5* 122+ 10.0 
Infected 

(6 days) 1490+120* 621+81f 165+ 2.7* 61 + 10.17 

Each value represents the mean + standard error of six experiments 
and is expressed in international units. 

*Significantly different from values in control group (P < 0.01). 

t Significantly different from values in control and uninfected 
groups (P < 0.01). 


TABLE IV 


Heart Rate and Blood Pressure in Control, 
Uninfected and Infected Rabbit Groups 





Blood Pressure (mm Hg) 





Heart Rate 

Group (beats/min) Diastolic Systolic Pulse 
Control 251 + 6.6 79.3 * 5.4 83.4 + 2.9 4.1 * 0.91 
Uninfected 

(6 days) 295+69* 83.2* 3.9 92.9 * 3.1 9.7 + 0.87* 
Infected 

(3 days) 280+6.1* 56.4+6.3* 759147. 19.5 + 1.1 

(6 days) 1952 7.11 63.2*4.1! 69.1 + 3.9T eons 





Each value represents mean + standard error of four experiments. 


*Significantly different from value in control group (P < 0.05). 
Significantly different from values in control and uninfected 


oe _ groups (P < 0.05). 
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of widened pulse pressure at late stages of disease 
may be related to the extensive development of vege- 
tation in these animals. 

Intraventricular pressure eard at 3 and 6 days 
showed a marked diminution (P <0.05) in the rates 
of development and reduction of pressure in infected 
animals by comparison with control or uninfected an- 
imals (Table V). A significant (P <0.05) prolongation 
of times to peak tension and half-relaxation was also 
noted in the infected animals. 

Recently, an indirect measurement of the velocity 
of shortening of the contractile element of myocar- 
dium in intact animals has been described???! that 
involves a plot rate of rise of left ventricular pressure 
over left ventricular pressure ([dP/dt]/P) versus lefi 
ventricular isovolumic pressure. A similar graph 
analysis of ventricular pressure changes is shown i1 
Figure 5. It is apparent that extrapolated maxima 
velocity of shortening in animals infected for 3 and € 
days is depressed in comparison with findings in botk 
the control and uninfected catheterized groups. Be 
cause no effort was made to calculate a stiffness con 
stant value for rabbit myocardium, the values giver 
herein reflect only relative changes in velocity o 
shortening of the contractile element. 















TABLE III 
Serum Electrolytes in Control, Uninfected ei D 
and Infected Rabbit Groups ee 
Serum Electrolytes | | 
Group Calcium Magnesium Sodium Potassium 
Contro!  6.9+0.09 2.0+0.09 141.8 + 1.07 7.7+0.34 
Uninfected 
(6 days) 6.6 * 0.10 1.9 + 0.09 140.1 + 0.91 7.5.€ 0.27 
Infected . 


(6days) 6.1+0.16* 1.6+0.08* 137.0 + 0.68* 89+ 0.19 

Each value represents the mean + standard error of six experimen 
and is expressed in milliequivalents per liter. 

*Significantly different from values in control and uninfecte 
groups (P < 0.05). | 
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FIGURE 4. Electrocardiographic (lead Il) abnormalities in sham-or 
erated control rabbit, uninfected rabbit after 6 days of study, and ir 
fected rabbits after 3 and 6 days, showing increased amplitude « 
QRS complex and flattening or avers of the T wave in both unit 
fected and infected animes. 
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y: ^ regi Pressure in Control, Uninfected 
F and Infected Rabbit Groups 


Development of Left 





Left Ventricular 


Ventricular Pressure Relaxation 
dP/dt dR /dt 
| Vo (mmHg Time to Peak (mmHg Half-Relaxation 
E Group .  /sec) Tension (sec) /sec) Time (sec) 





Control 476+26 0.109+0.007 332+21 0.058 + 0.002 
TUninfected 
(6days) 404 +28* 0.122 + 0.010 326+33 0.046 + 0.004 
; Infected 
ir days) 259 * 31* 0.133 + 0.007* 217 + 22* 0.081 + 0.002* 


6 days) 198+ 241 0.151 « 0.0091 185 « 27* 0.104 + 0.003f 





E value represents the mean + standard error of three experi- 


a Te Significantly different from value in control group (P < 0.05). 
pe  'Significantly different from values in control and uninfected 
L] 

oups (P < 0.05). 

-dP/dt = first derivative of left ventricular pressure; dR/dt - first de- 
B E | rivative of left ventricular relaxation. 


I Gonivaciile force in perfused hearts: To rule 
: (ont the effects of anesthesia on myocardium as well 
as to establish the differences among contractile 
_ states of infected, uninfected and sham-operated 
f, E ra bbit hearts, the ability of these hearts to generate 
contractile force was studied under in vitro condi- 
- tior as. For this purpose, hearts were perfused by the 
Le ar agendorff technique and their ability to generate 
E ontractile force was monitored at different levels of 
'esting tension. As shown in Figure 6, the ability of 
B hearts with 6 days of infection to generate contractile 
- force was markedly less at each level of resting ten- 
i di on 1 than that of control or uninfected hearts. A typi- 
eal experiment with sham-operated and infected 
earts shows that at the same level of resting tension 
(0. 5 g/g heart) not only is developed contractile force 
_ decreased, but also the rates of tension development 
, and relaxation are decreased (Fig. 7). Although time 
oto half-relaxation was prolonged, time to peak ten- 
* ^ was decreased. 
^ E. | Discussion 


p 
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eft trice. Therefore, it was essential to compare 
_ the infected animals with both sham-operated and 
-uninfected catheterized animal groups. Although 
- both infected and uninfected animals showed gross 
and histologic evidence of cardiac enlargement, the 
. degree of hypertrophy in the infected animals at 6 
- days was significantly greater than in the uninfected 
animals. This difference could be due to a greater de- 
gree of valvular dysfunction caused by infective le- 
co: in aortic valve and papillary muscle.?? In addi- 

_ tion to valvular regurgitation, aortic stenosis due to 
‘ - the presence of massive valvular vegetations in in- 
1 fected animals could also be a factor. Thus, aortic in- 


bad toa PERAN volume ünd pressure overload sit- 


: ‘uation canning an increase in Mizadiyosardial tension 


that in turn could be responsible for the increased - 
pretein synthesis and accelerated production of ven- 
trieular mass.22-34 —— 

Genesis of myocardial hypertrophy and disi 
age: In contrast to hearts from uninfected catheter- 
ized animals, the infected hearts showed muscle de- 
generation and monocytic infiltration. Although 
serum CPK, LDH and GOT levels were elevated in 
both infected and uninfected animals, the rise in 
LDH in the infected animals was significantly less 
than that in the uninfected catheterized animal 
group. The elevated serum level of different intracel- 
lular enzymes is commonly considered to reflect the 
degree of myocardial damage?^ 36; however, the mag- 
nitude of changes in serum levels of these enzymes 
showed no correlation with changes observed when 
infected and uninfected hearts were compared histo- 
logically. Similarly, an increase in QRS amplitude 
and flattening or inversion of the T wave were noted 
in both infected and uninfected hearts. These elec- 
trocardiographic changes are indicative of myocardial 
hypertrophy but provide no information with respect 
to the extent of cardiac injury. Thus some caution 
should be exercised in relating electrocardiographic. 
changes and elevated levels of intracellular enzymes 
with myocardial cell damage. 

Unlike the uninfected animals, the infected rabbits 
had a significant reduction in serum levels of calci- 
um, magnesium and sodium as well as an elevation in 
the serum level of potassium. The significance of 





IO 20 Q 40 Q 60. 70 
LEFT VENTRICULAR PRESSURE 
(mm Hg) 
FIGURE 5. Representative comparison from four experiments of the 
left ventricular pressure-velocity relation during isovolumic contrac- 
tion in sham-operated control heart (SC), uninfected heart (UF) at 6 - 


days, and infected heart at 3 (13) and 6 (l6) days. Vmax = extrapolat- — - 


ed relative maximal contractile element velocity; dP/dt — rate of de- 


velopment of left ventricular pressure; P = left ventricular pressure. — 
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BID OD UR ENS CM E edi ae . FUNCTIONAL CHANGES IN INFECTIVE CARDIOMYOPATHY—TOMLINSON AND DHALLA 
i dicm ! EA 
these changes is not clear because they may not re- 
flect alterations limited to the myocardium. Never- l. 
theless, we have shown that bacterial infection super- 
E imposed upon myocardial hypertrophy results in his- 
| tologically demonstrable lesions that may be a conse- 
quence of one or more of the following—the infective 
process itself, functional hypoxia due to an excessive 
increase in muscle mass, or coronary insufficiency. 
However, no conventional electrocardiographic indi- 
cations of myocardial ischemia such as S-T segment 
elevation were noted in the infected heerts. 

Cardiac hypertrophy and necrosis and cate- 
cholamine activity: Increased sympathetic activity 
in the early stages of cardiomyopathy and hypertro- 
phy has been reported in different experimental 
models?” and possibly represents a compensatory 
mechanism for assisting myocardial performance. In 
addition, late stages of heart failure have been associ- 
ated with depletion of cardiac norepinephrine stores.?*- O. 
40 Thus it is possible that the observed increase in 

Y - heart rate in uninfected rabbits studied at 6 days and 
à infected rabbits studied at 3 days may be due to an VAN oT. Sel -A0 T 
increase in the sympathetic activity, whereas brady- RESTING TENSION (g/g heart) — 
cardia in animals infected for 6 days may be a conse- FIGURE 7. Comparison from four representative experiments of the 
quence of depletion of the cardiac catecholamine developed tension-resting tension curves in control, uninfected anc 
stores. In addition to changes in circulating catechol- infected isolated perfused rabbit hearts. 

amines, the hemodynamic changes observed in early 
infection and hypertrophy could be due to aortic 
valve incompetency but these alterations are further 


CONTROL 


UNINFECTED 


O. INFECTED 


CONTRACTILE FORCE (g/g heart) ' 





complicated by aortic stenosis in animals infected fo 
6 days. Further detailed experiments concerning th 
status of catecholamine stores, cardiac output an) 


(e ; ahi d ^ad peripheral resistance in the infected rabbits are need 
ed to make any definitive conclusions. The possibilit 
bie SET NOR CL rre that myocardial necrosis observed in the infecte 
wi hearts is due to catecholamines*!*? is also not rule 

out. 


Cardiac contractile failure: In situations wit 
EUROS Mme peii! inia compensated ventricular hypertrophy and heart fai 

— {SS esse — dd 935 Ts BBE o6 ure, it has been shown‘?-*° that contractile state a 
WES SU measured by contractile element velocity is reduce 

We have shown that dP/dt and relative maximal cor 

tractile element velocity are decreased at 3 and. 

days in infected and uninfected animals by compar 

son with values in the sham-operated animals in siti 

In addition, the ability of the isolated perfused hear 

C LUC t B oS from infected and uninfected animals to general 
crow Men Cr m m contractile force was also depressed. However, tk 
- a depression in the contractile state of myocardium i 
UE rc eb PR ee Gee the infected animals was much more severe than } 
| Sere. Fa tes a Sees ‘ie the uninfected animals. We therefore believe that tł 
Y ' j infected animals had cardiac contractile failure, : 

x Fale eh d further evidenced by the clinical manifestations | 
om SS tae Gate left heart failure in this group. The pattern of vei 


ES Eu tricular function curves for the isolated hear 











Ligy crow suggests that the infected hearts may be operating c 
FIGURE 6. Representative tracings from four experiments of force the descending limb of the Frank-Starling curve. A 
development by the isolated perfused rabbit heart. A, sham-oper- though extensive mechanical studies are needed : 
ated control heart; B, infected heart at 6 days. CF = developed con- define the exact functional state of the infecte 


tractile force; dF/dt — rate of development of tension; dR/dt — rate h | dicati fi ied it 
- of relaxation or fall in tension; HRT = half-relaxation time; TPT = earts, our results are indicative of Impaired myoca 


time to peak tension development. - dial contractility. 
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Pai Lorenei of cardiac contractile failure: Ac- 
E dida to the current concept of excitation-contrac- 
E tion coupling and relaxation of myocardium, the ac- 

. tion potential is believed to release calcium from the 
s B euperfioial membrane sites as well as the sarcotubu- 

— lar system, leading to an increase in the intracellular 
t concentration of free calcium and myofibrillar activa- 

- tion and contraction.**-48 Relaxation, on the other 
5 . hand, is considered to be the result of a reduction of 
"intracellular free calcium by energy-dependent 
ju mechanisms i in the sarcoplasmic reticulum, sarcolem- 
. ma and, possibly, mitochondria. The contractile fail- 
ie ure seen in the infected hearts could be explained on 
the basis of defects in the events regulating contrac- 
tion and relaxation processes. The observed decrease 
in the rate of development of ventricular pressure as 
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the rate of delivery of calcium, whereas increased 
half-relaxation time probably reflects impairment in 
mechanisms responsible for the removal of calcium 
from the contractile apparatus. Time to peak tension 
was markedly prolonged in vivo but slightly short- 
ened in the isolated heart preparations from the in- 
fected animals. We have no definite explanation for 
this phenomenon although it may be caused by dif- 
ferences in the environment for the in situ and in 
vitro preparations. Although heart failure is known 
to oecur as a result of defects in the processes of ener- 
gy production and utilization,4? the exact mecha- 
nisms involved in the pathogenesis of heart failure in 
cardiomyopathy induced by bacterial infection re- 
main to be elucidated. 
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. Quantitative Radionuclide Angiocardiography: 
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. JOSEPH ASKENAZI, MD In 105 patients detection and quantitation of left to right shunts was 
_ DONALD S. AHNBERG performed using quantitative radionuclide angiocardiography. The ra- 
. ERIC KORNGOLD, MA dionuclide angiocardiograms were acquired and analyzed by a gamma 


it C. GRANT LaFARGE, MD camera interfaced to a digital computer system. Pulmonary to system- 
. DAVID L. MALTZ, MD 


L- SALVADOR TREVES, MD ic flow (Qp/Qs) ratios were calculated by analysis of pulmonary time- 
3 activity histograms using a gamma variate model. All patients were 
e Boston, Massachusetts studied with cardiac catheterization, left ventricular angiocardiogra- 


pi. 


a 
i 


phy and radionuclide angiocardiography. The radionuclide method al- 
lowed precise detection and quantitation of left to right shunts with a 
Qp/Qs ratio of 1.2 to 3.0. There was good agreement between the 
Qp/Qs ratio calculated by oximetry at cardiac catheterization and ra- 
dionuclide angiocardiography (r = 0.94). The information gathered 
with this nontraumatic method appears sufficiently reliable to be used 
in the management of patients. 


Eg ALT ee OO 


- 
— 
» 


A method for detecting and quantitating left to right shunts by com- 
puter analysis of radionuclide angiocardiography was reported by us 
previously.'? In this communication we report on use of this method 
to evaluate the condition of 105 patients in whom the results of quan- 
titative radionuclide angiocardiography were compared with data ob- 
tained at cardiac catheterization and left ventricular angiocardiogra- 
phy. In addition, we describe our most recent experience with this 
method in the clinical setting in order to emphasize its potential in 
the management of patients suspected of having a left to right shunt 
and in the postoperative evaluation of cardiovascular surgery. We 
further report on its use in specific instances as an alternative to car- 
diac catheterization. 
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Materials and Methods 


A group of 105 patients with and without a left to right shunt were includ- 
ed in this comparative study. The diagnosis was established by cardiac cathe- 
terization and left ventricular angiography performed before or after radio- 
nuclide angiocardiography. The majority of patients (76.5 percent) under- 
went radionuclide angiocardiography within 1 week of cardiac catheteriza- 
tion; only 9 (8.5 percent) underwent catheterization 1 year or more after the 
h radionuclide study. In the remaining patients (15 percent), radionuclide an- 
Eram the Departments of Radiology and Cardi- giocardiography was carried out within 1 week to 1 year of cardiac catheter- 
- ology, The Children's Hospital Medical Center, ization. The patients' ages ranged from 1 month to 31 years (mean 10 years). 
- and the Departments of Radiology and Pediat- Table I provides a summary of cardiovascular diagnoses in these patients: At 
_ rics, Harvard Medical School, Boston, Mass. cardiac catheterization, 21 had no left to right shunt and the remainder had a 
. This study was supported in part by Grant 5- left to right shunt with a pulmonary to systemic flow (Qp/Qs) ratio ranging 
| PO1-HL 10436-07 of the National Heart and from 1.0 to more than 3.0 as determined by oximetry. 


Lung Institute, National Institutes of Health, Be- ; ; A j 
 thesda, Md. Manuscript accepted July 2, 1975. Before the radionuclide study, all patients were given 6 mg/kg body weight 
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Address for reprints: Salvador Treves, MD, of sodium perchlorate (intravenously) Or potassium perchlorate (orally). An 
"Division of Nuclear Medicine, Department of intravenous scalp set was inserted ina proximal vein (preferably an external 
- Radiology, The Children's Hospital Medical jugular vein) and maintained with a slow infusion of isotonic saline solution. 
- Center, 300 Longwood Ave., Boston, Mass. Patients were studied supine with a gamma camera (Nuclear Chicago Pho/ 


- 02115. Gamma HP) viewing the anterior chest. A bolus dose of 0.1 to 0.5 ml of 
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FIGURE 1. Method for estimating pulmonary to systemic flow (Qp:Qs) ratio. A pulmonary time-activity histogram (upper left) is fit to a gamn 
variate (upper center). The derived histogram is then subtracted from the original data points, resulting in another histogram that represen 
shunt and systemic recirculation (upper right). This new histogram is fit to a gamma variate (lower left). Two areas are delimited: area A4, pr 
portional to the pulmonary flow (Qp) and area A2, proportional to the shunted flow. Area A; minus area Az is proportional to the systemic flc 


(Qs). A ratio A;/(A;-Az) provides an estimate of the Qp/Qs ratio. 


technetium-99m as sodium pertechnetate, in a dose of 200 
uCi/kg body weight (minimal dose 2.0 mCi), was injected 
through a one-way valve injector? and rapidly flushed with 
saline solution. A 15,000 parallel hole, low energy collima- 
tor 2.5 cm deep was used for the majority of patients; in 
smaller patients, a converging collimator was used to pro- 
vide magnification to the scintigraphic image and to facili- 
tate the placement of regions of interest over the smaller 
lung fields during analysis. 

Analysis of angiocardiographic images: The gamma 
camera is connected to an on-line computer system 
(Gamma-11 (PDP 11/20), Digital Equipment Corporation) 
that digitizes images from the gamma camera and stores 
them on magnetic discs. The study is acquired at 2 frames/ 
sec as sequential matrixes of 64 by 64 cells or as event by 
event (“list mode") collection with subsequent framing into 
a 64 by 64 matrix at a variable frame rate. The duration of 
the study is 25 seconds for children. Upon termination of 
data collection, the angiocardiogram is viewed on the com- 
puter oscilloscope. The quality of the injection is evaluated 
" immediately to ensure the accuracy of shunt analysis. If the 
injection is defective (that is, if there is a fragmented or a 
prolonged bolus) the study is considered unacceptable and 
a second injection is given from another site. If the injec- 
tion is adequate, analysis is continued with a visual evalua- 
tion of the angiocardiogram images on the computer. A 
normal radionuclide angiocardiogram reveals sequential vi- 
sualization of radioactivity in the superior (or inferior) 
vena cava, right atrium, right ventricle, pulmonary artery, 
lungs, left atrium, left ventricle and aorta. In left to right 
shunting there is persistence of radioactivity over the lung 


fields and right heart chambers due to early recirculation i 
radionuclide. However, with very small shunts, the radi 
nuclide angiocardiogram may appear normal. 

Images of the superior vena cava, the right and left hea 
phases, are subtracted from the pulmonary phase by tł 
computer. The resulting image, free of contamination fro: 
nonpulmonary activity, is displayed on the oscilloscope ar 
used to mark regions of interest over the lung fields. Pu 
monary time-activity histograms are generated by the con 
puter and stored on disc. An interactive computer progra 
is then initiated and the Qp/Qs ratio estimated by tl 
method of Maltz and Treves.! Results are available with 
minutes of the study. 

Time-activity histograms: The pulmonary time-activ 
ty histogram can be thought to be composed of the summ 
tion of multiple time-acitvity histograms generated by tl 
first passage of radionuclide through the lung plus subs 
quent passages due to the shunt or systemic recirculatio; 
or both. It has been found that a gamma variate of the for 
C(t;) = kt;^*7*/7, where C(t;) is the concentration of activit 
at time t; and k, a and 9 are the distribution variables di 
rived from least squares formulas, could represent a sing 
passage of indicator without recirculation. By successi 
application of time-activity histograms to a gamma variai 
using a least squares fit, the curve can be separated int 
components representing single passage of indicator. TT 
areas under the derived curves are obtained. The are 

.under the first curve (Fig. 1, A1) is proportional to the pu 
monary blood flow (Qp) and the area under the secor 
curve (Fig. 1, A2) is proportional to the shunted flow. T! 
difference between these areas (A; — A») is proportional : 
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iM systemic flow (Qs). The ratio A;/(A; — 
- and used to calculate the Qp/Qs ratio. 

If the peak of the second derived histogram is less than 
- 10 percent of the peak of the first one, the program is auto- 
-matically discontinued, and the Qp/Qs ratio is assumed to 
be equal to 1.0. If the time from 10 percent of the maxi- 
‘mum on the upslope to 70 percent of the maximum on the 
~ downslope i is more than twice the time from 10 percent of 
maximum to the peak, the program is also automatically 
_ discontinued and the Qp/Qs ratio is said to be greater than 
p 0. 
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TABLE | 
" = Summary of 105 Cases 
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Pulmonary to Systemic 











Flow (QP/Qs) 

By By Radio- 

— . Gase no Diagnosis Oximetry isotope 
Fy. 1 AS 1.0 1.0 
EI 2 PS, PR 1.0 1.0 
x 3 PS 1.0 1.0 
hor 4 PS 1.0 1.0 
dr. 5 PO, ASD closure 1.0 1.0 
ue 6 AS 1.0 1.0 
DA 7 PS 1.0 1.0 
AS 8 PS 1.0 1.1 
al: 9 PO, PS 1.0 1.0 
10 AS 1.0 1.1 
11 PS 1.0 1.0 
12 PS 1.0 1.0 
13 PS 1.0 1.0 
14 PS 1.0 1.0 
B45 PS, ASD II 1.0 1.0 
16 PS 1.0 1.0 
17 PS, PR 1.0 1.0 
18 PO, VSD closure 1.0 1.0 
TOME be Al, PO, VSD closure 1.0 1.0 
120 AS, PO 1.0 1.0 
n2 271 PO, VSD 1.0 1.0 
Tarte i^ PO, TOF 1.0 1.0 
P223 ASD II 12 1.0 
$0724 ASD II 1.5 1.3 
^25 ASD II 1.7 1.5 
i 26 ASD II 1.8 1.7 
E 27 ASD II 2.0 2.1 
s -'28 ASD II 2.1 1.9 
quc 29 ASD II 2.1 2.1 
Lee 30 ASD II 2.5 1.9 
ee 31 ASD II 2.6 3.0 
moi 32 ASD II 3.0 3.0 
pt 4:33 ASD II 2.0 3.0 
Kc C34 ASD || 2.3 2.2 
ieee’ OS ASD II 3.0 3.0 
86596 ASD II 2.4 1.9 
B1 37 ASD II 2.4 2.5 
E 38 ASD II 3.3 3.0 
Bae '..39 ASD II 2.7 3.0 
iios. 40 ASD II 2.9 3.0 
ET: ASD I! 1.8 1.7 
E 42 ASD Ii 23.0 2.7 
ivt 43 ASD II 1.5 1.4 
Ke 44 ASD II, PS 1.3 1.4 
E4495 VSD 1.1 1.2 
E! 46 VSD, PS 1.1 1.1 
E 47 VSD 1.2 1.3 
£ 48 VSD 1.3 1.2 
T 49 VSD 1.3 1.0 
d 50 VSD, PS 1.4 1.5 
uj 51 VSD 1.4 1.6 
E 52 VSD, ASD 1.8 1.6 
E 53 VSD, PS 1.9 1.3 
is. 94 VSD 2.0 2.4 
P. 55 VSD 2.1 2.6 
Be 56 VSD 2.2 1.6 
E 57 VSD 1.8 2.1 
f 58 VSD 1.3 1.0 
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The original and fitted curves are displayed on the oscil- 
loseope, and evaluation of the interpolations is possible by 
simple visual inspection (Fig. 1). If the quality of the inter- 
polations is inadequate, the procedure can be restarted by 
redefining the boundaries of the fitting interval. The pro- 
gram has been modified to enable manual selection of a 
larger segment of the curve for the first fit or the best seg- 
ment of the subtracted curve for the second gamma variate 
fit, or both. A second run should then produce a more ade- 
quate fit and, consequently, a more precise estimate of the 


Qp/Qs ratio. 





Pulmonary to Systemic 





Flow (QP/QS) 
By By Radio- 
Case no Diagnosis Oximetry isotope 
59 VSD 1.5 2.3 
60 VSD 1.4 Pr 
61 VSD, PAB, PO >3.0 >3.0 
62 VSD, PAB 1.3 1.2 
63 VSD 1.0 1.0 
64 VSD, AR 1:7 1.7 
65 VSD, PAB 1.2 1.5 
66 VSD 1.6 1.5 
67 VSD, PAB 1.6 1.9 
68 VSD, ASD I 2.6 `2.0 
69 VSD, PAB 1.8 1.8 
70 VSD, PS 1.8 1.7 
71 VSD 1.5 1.5 
72 VSD 4.8 23.0 
73 VSD 4.1 23.0 
74 VSD 2.4 2.0 
75 VSD, ASD I 4.8 23.0 
76 VSD 1.8 2.0 
77 VSD 23.0 23.0 
78 VSD, PAB, MS 1.7 1.4 
79 VSD 3.0 3.0 
80 VSD, PAB 1.3 123 
81 VSD 2.3 1.9 
82 VSD, MR 2.3 3.0 
83 VSD 1.9 1.8 
84 VSD 1.5 1.6 
85 VSD, PS 2.5 1.9 
86 VSD, PAB 2.4 3.0 
87 VSD, PS 1,9 1.2 
88 VSD 1.4 1.3 
89 VSD 1.9 1.7 
90 VSD 2.6 1.9 
91 VSD, PAB 1.8 1.9 
92 PDA 23.0 23.0 
93 PDA, ASD II 2.4 2.6 
94 PDA 2.3 2 
95 PDA 1.3 1.2 
96 ECD (ASD I, MR) 23.0 23.0 
97 ECD, TAPVD 23.0 23.0 
98 ECD (ASD I) 3.2 23.0 
99 ECD (ASD I, MR) 2.1 2.8 
100 ECD (ASD I, MR) 5.0 23.0 
101 ECD 23.0 23.0 
102 ECD 23.0 23.0 
103 Residual VSD, PO, 2.4 3.0 
TOF repair 
104 TGV, ASD, PO 1.8 3.0 
105 TGV, ASD, PO 1.8 3.0 





Al = aortic insufficiency; AR = aortic regurgitation; AS = aortic 
stenosis; ASD = atrial septal defect (I = ostium primum type; Il = 
secundum type); ECD = endocardial cushion defect; MR = mitral 
regurgitation; MS = mitral stenosis; PDA = patent ductus arteriosus; 
PO = postoperative; PAB = pulmonary arterial band; PR = pulmon- 
ary regurgitation; PS = pulmonary stenosis; TAPVD = total anom- 
alous pulmonary venous drainage; TOF = tetralogy of Fallot; TGV = 
transposition of the great vessels; VSD = ventricular septal defect. 
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) Results 
Table I summarizes the results in all 105 patients. 
. Of the 84 patients with a left to right shunt, 6 had a 
p Qp/Qs ratio of 1.2 or less and 78 patients had a ratio 
between 1.2 and 3.0 or greater. Of nine patients who 
underwent corrective heart surgery, four had a resid- 
ual shunt. 

A comparison of the values for Qp/Qs ratio ob- 
tained during cardiac catheterization and radionu- 
clide angiocardiography reveals excellent agreement 
(Fig. 2). Linear regression analysis in all 105 patients 
yielded the following results: r = 0.94, slope = 0.93, 
standard error of the estimate = 0.25, Y intercept = 
0.1, with significance at the 0.001 level. 


Discussion 


Our technique to quantitate left to right shunts is 
based on analysis of pulmonary flow components 
using a gamma variate least squares fit to radionu- 

| clide pulmonary dilution curves.^? Early results 

\ showing a high degree of correlation with catheteriza- 
tion data encouraged us to apply the method to a 
larger number of patients with various congenital 
heart diseases, including tetralogy of Fallot (after op- 
eration), transposition of the great arteries and left to 
right shunts. 


Clinical Applications 


Atrial septal defect: Radionuclide angiocardi- 
ography is a noninvasive technique that may be help- 
ful to the cardiologist in a variety of ways. For exam- 
ple, in atrial septal defect and pulmonary stenosis, 
there may be wide splitting of the second heart sound 
and a systolic ejection murmur. Right ventricular hy- 
pertrophy by electrocardiogram and pulmonary arte- 
rial enlargement on X-ray study may also be present 
in both lesions. However, the presence and magni- 
tude of a left to right shunt can be firmly established 

by radionuclide angiocardiography and enable a clin- 
ical decision for surgical closure to be made without 
cardiac catheterization. In fact, estimation of shunt 
size by radionuclide angiocardiography should be 

- more accurate in patients with an atrial septal defect 
than estimation by oximetry since there is no true 
mixed venous sample available in such patients. 

Patent ductus arteriosus: The numerical data 
can also be used to differentiate between intracardiac 
shunts and patent ductus arteriosus. In the latter, the 
distribution of blood flow in the pulmonary branches 
is asymmetric and usually favors the left lung. A dif- 
ferent Qp/Qs ratio will be calculated for each lung in 
these cases (Fig. 3). 

Ventricular septal defect: The measurement of 
shunt size is useful for the management of patients 

-~ with a ventricular septal defect. Although the size of 
a shunt can be approximated on the basis of type of 
murmur, the electrocardiogram and chest X-ray film, 
the radionuclide angiocardiogram provides a nonin- 
vasive easily performed method for obtaining infor- 
mation that may contribute to more precise clinical 
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FIGURE 2. Correlation between the Qp/Qs ratio obtained kóngi 
catheterization and by radionuclide angiocardiography in 105 pa- 
tients. r = 0.94, standard error of the estimate = 0.25, regression 


line slope = 0.93, intercept = 0.1 and P <0.001. 


management. In patients with a large shunt and nor- 
mal pressure by cardiac catheterization, radionuclide 
angiocardiography can be used to follow up shunt 
size with time. In patients whose shunt becomes suf- 
ficiently small without evidence of pulmonary hyper- 
tension, additional cardiac catheterization could be 
omitted. Catheterization would, of course, be neces- 
sary in any patient with a large shunt in order to de- 
termine the number and location of defects and to as- 
sess pulmonary arterial pressure before surgery. 
Postoperative evaluation after surgical cor- 
rection: The radionuclide angiocardiogram is also 
useful in the postoperative evaluation of patients 
(Fig. 4). It can detect residual shunts and, in one pa- 
tient in our group with tetralogy of Fallot and a re- 
sidual ventricular septal defect, it has helped predict 
development of complications before they became 
clinically apparent. The Qp/Qs ratio may be falsely 
increased postoperatively as a result of distortion'of 
the bolus dose by an increased right-sided regurgi- 
tant fraction due to the pulmonary or tricuspid re- 
gurgitation. It may also be increased due to the pres- 
ence of bronchial collateral circulation, adding extra- 
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FIGURE 3. Pulmonary time-activity histograms generated from the- 
right and left lungs in a patient with a patent ductus arteriosus. Char- 
acteristically, a higher Qp/Qs ratio is estimated over ‘the left lung in 
such patients. : | 
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x S mate in a patient with a secundum atrial septal defect: Qp/Qs ratio 
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e Paii shunting that is not usually separated from 
intracardiac shunting. These problems may occur in 
Eairslory of Fallot postoperatively, pulmonary atresia 
and transposition of the great arteries. However, in 

VS each of these cases by comparing region of interest 

- curves over the lung and right ventricle, it is possible 

qe determine whether there is regurgitation or collat- 

2: En, or intracardiac left to right shunting. Regurgi- 

. tant lesions could also be separated from an intracar- 

E. diac left to right shunt by analyzing the downslope of 

an the curve, which is exponential when regurgitation is 

= present. 

us Assessing effects of exercise: It has also been 
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2 FIGURE 5. Effect of fragmented bolus dose on estimation of Qp/Qs 
. ratio. Top, fragmented bolus dose (left) results in a pulmonary histo- 
He gram (right) that, if evaluated, would have given an overestimate of 
—the Qp/Qs ratio. Bottom, second injection. The bolus is adequate 
. (left) and a more adequate estimate of Qp/Qs ratio was possible. 
e Note the difference between the first and second pulmonary time- 
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ratio. A 9 year old boy with a ventricular septal de- 
fect had a calculated resting Qp/Qs ratio of 1.5 and a 
Qp/Qs ratio during exercise of 2.0 with a heart rate of 
120/min. The Qp/Qs ratio is determined by the ratio 
of pulmonary and systemic resistances for any given 
anatomically-sized hole, and systemic resistance de- 
creases during exercise; therefore, in the case cited, 
the pulmonary resistance must have decreased to a 
greater extent than the systemic resistance for the 
Qp/Qs ratio to have increased. Although it is not pos- 
sible to calculate resistance as such noninvasively, it 
is possible to describe qualitatively the relative reac- 
tivity of the pulmonary arterioles. This may be quite 
useful in determining the appropriate time for cathe- 
terization or surgery. 


Precautions and Potential Drawbacks of Method 


The effect of a fragmented bolus injection on the 
pulmonary activity-time histogram is illustrated in 
Figure 5. A fragmented bolus dose resulted in distor- 
tion of the pulmonary time-activity histogram which 
led to an erroneous estimate of the Qp/Qs ratio. A 
second bolus dose was then given and judged to be 
sufficiently discrete to permit adequate analysis and 
a valid estimate of the Qp/Qs ratio. T'hus, it is impor- 
tant to ensure that the injected bolus dose is small 
and unique. 

This technique may not be completely accurate for 
Qp/Gs ratios of 1.0 to 1.2 because of statistical fluctu- 
ation and the occurrence of small normal left to right 
shunting by way of the bronchial circulation detected 
externally with the gamma camera. The technique is 
also frequently not accurate with left to right shunts 
greater than 3.0 because of the very early appearance 
of recirculation caused by the shunt, resulting in the 
inability to fit an accurate downslope to the initial 
pulmonary transit. However, the knowledge of the 
exact shunt at either extreme is not critical in most 
instances since it would not affect the management of 
the patient. 

Count rate losses due to system dead time can af- 
fect the estimation of the Qp/Qs ratio at high data 
rates. Although, for technical reasons, none of the 
data presented here were corrected for dead time 
loss, dead time correction results in a more precise 
estimation of the Qp/Qs ratio. Estimates using dead 
time cerrection result in slightly lower Qp/Qs values, 
particularly in their lowest range. We therefore rec- 
ommend the use of dead time correction whenever 
possible. 

Other workers? and ourselves have experienced 
minor problems in the automatic fitting of the second 
curve using this method. As we discuss here, it is im- 
portant to evaluate the quality of the fit before ac- 
cepting the study as valid. We have recently made 
modifications in the gamma variate fitting technique 
that avoid previous uncertainty in the definition of | 
the recirculation curve and. render the, mera more 
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Clinical Uses 


This technique has a variety of uses. Its most fre- 
quent use is as a contributing diagnostic procedure 
employed in conjunction with clinical signs, electro- 
cardiogram and chest X-ray study in the clinical 
management of patients, including determination of 
the time for cardiac catheterization. In certain cases 
(as in six patients with atrial septal defect not includ- 
ed in the comparative study), the use of radionuclide 
angiocardiography eliminated the need for cardiac 
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QUANTITATION OF LEFT TO RIGHT SHUNTS—ASKENAZI ET AL. 


catheterization before surgical correction. In other 
instances, the technique has ruled out the presence of 
a left to right shunt in patients with confusing clini- 
cal electrocardiographic and roentgenographic signs, 
sparing these patients from cardiac catheterization. 
'This method is available to any hospital or clinic hav- 
ing a gamma camera with region of interest capabili- 
ty and access to a computer. Alternatively, we have 
occasionally calculated the Qp/Qs ratios for another 
hospital by verbal telephone transmission of the his- 
tographic values. 
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- Measurement of Left Ventricular Mean Circumferential 
. Fiber Shortening Velocity and Systolic Ejection Rate by 
. Computerized Radionuclide Angiocardiography 
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cr STEELE, MD Recently attention has focused on ejection phase indexes as Clinically 
_ MICHAEL LeFREE, RT relevant measures of left ventricular contractility. Using an Anger cam- 
. DENNIS KIRCH, MSEE era interfaced to a dedicated computer with injection of radionuclide 


(technetium 99m) into a wedged pulmonary arterial catheter we have 
developed a method for measuring left ventricular mean circumferen- 
tial fiber shortening velocity and mean systolic ejection rate. For deter- 
mination of mean fiber shortening velocity an area of interest coinci- 
dent with the left ventricular minor axis is constructed and a time-ac- 
tivity curve obtained. In 31 patients radionuclide-determined values for 
mean fiber shortening velocity and mean systolic ejection rate corre- 
lated (r = 0.90, P «0.001 and r = 0.98, P «0.001, respectively) with 
values for these indexes obtained from left cineventriculography. Left 
ventricular ejection fraction correlated with mean fiber shortening ve- 
locity and systolic ejection rate (r = 0.60, P «0.001 and r = 0.92, P 
«0.001, respectively). No patient with a normal mean fiber shortening 
velocity or systolic ejection rate had a diminished ejection fraction. Be- 
cause these radionuclide measurements do not require left heart cath- 
eterization, they can be frequently repeated. 


‘Denver. Colorado 
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Left ventricular contractility can be quantified from cineventriculo- 
grams by relating the instantaneous velocity of fiber shortening of the 
minor axis to maximal wall tension during ejection.^? Recent investi- 
gations? have suggested that the mean velocity of circumferential 
fiber shortening correlates well with the instantaneous rate of fiber 
shortening at maximal wall tension. Measurement of the mean fiber 
shortening velocity from the left ventriculogram is an easy procedure 
compared with the complex technical and computational problem of 
measuring peak fiber shortening velocity, and this index has proved 
to be clinically useful in evaluating left ventricular performance in 
patients with heart disease.* 

Radionuclide angiocardiography provides accurate measures of left 
ventricular ejection fraction using area-length analysis of static im- 
ages? and high frequency left ventricular time-activity curves." Re- 
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. From the Division of Cardiology, Department of cently, a method has been developed for obtaining left ventricular 
i Minero the Nuclear Medicine Service, time-activity curves after bolus injection of a radionuclide through a 
— Denver Veterans Administration Hospital and A : ape 

-- the University of Colorado Medical Center, Den- catheter placed in the pulmonary arterial wedge position." An advan- 
^. wer, Colo. This study was supported by re- tage of this method is the higher count rate obtained from the left 
... Search funds from the Veterans Administration, ventricular area of interest (500 to 1,000 counts/50 msec). This high 
BE sooner, D. Manuscript accepted quy. T3, count rate allows formation of a time-activity curve from an area of 
a ] A dias for reprints: Peter Steele, MD, Den- — interest coincident with the left ventricular minor axis, and a radio- 
E ver Veterans Administration Hospital, 1055 nuclide method for estimating mean circumferential fiber shortening 


. Clermont, Denver, Colo. 80220. j . . has been developed. Accordingly, this study compares measurements 


TABLE I 


Comparison of Cineventriculographic- and 
Radionuclide-Determined Ejection Phase Indexes 





Radionuclide 
Cineventriculography Angiocardiography 





Case F< I ATER Ad Gg ui we 
no. Diagnosis LVEF SER VCF LVEF SER VCF 
1 Normal 0.63 - 3.27 2.63... .0.60 3.16. 1.75 
2 Normal 0181: 335. 1.94 .0.65. 3:37. 1:80 
3 Normal D,67.- 3:42: , 3.12 0:81. * 3353 "219 
4 Normal 0.58 3.18 2.26 0.57 328 1.80 
5 Normal 0.56 3.19 259 0.58 3.15 2.43 
6 Normal 0.62 3.07 2.51 0.57 298 2.00 
7 CAD 0.33 1.03 0.67 0.31 097 0.83 
8 CAD 0.41 1.21 1.47 0.36 1.06 1.54 
9 CAD 0.40 1.43 1.19 0.45 1.50 1.07 
10 CAD 0.66 2.28 2.44 069 2.30 2.76 
11 CAD 0.24 0.73 O86 020 0.61 £0.90 
12 CAD 0.21 0.70 0.53 0.19 O68 0.95 
13 CAD 0,30 71585 D246 O:28.5 1,12 ; 136 
14 CAD 0.43 1.59 2.44 0.37 1.42 1.59 
15 CAD 0.42 1.83 195 038 173 1.41 
16 CAD 0.09 0.25 0.56 0.16 0.47 0.60 
17 CAD 0.58 2.76 2.26 0.51 2.55 2.05 
18 AR 0.63 3.15 0.80 0.57 2.85 1.04 
19 AR 0.53 1.89 1.82 049 1.96 1.55 
20 AR 0.48 1.60 0.62 0.50 1.79 0.74 
21 AR QUIT A22. 212; (€667. 291 21g 
22 AR 54" 42,35. 1.893. 043 "1.87. 1.72 
23 MR 0.54 2.57 1.04 049 245 0.83 
24 MR 0.35 1.40 0.63 £40.41 1.64 0.72 
25 MR 0.35 . 1.35. 0.57 0.43 1.59. 0.63 
26 MR 0.57: 285° 1:35. 0.52... 2.48 «1.09 
27 MR 0.66 3.30 1.06 0.58 3.22 0.96 
28 RHD,MS 0.68 3.78 1.55 0.67 43.53 1.10 


29 RHD,MS,MR 0.52 2.36 1.69 0.50 227 0.99 
30 RHD,MS, MR 0.55 2.75 1.64 0.55 262 1.47 
31 RHD,MS,MR 0.52 2.17 1.51 0.46 2.00 1.28 





AR = aortic regurgitation; CAD = coronary artery disease; LVEF 
= left ventricular ejection fraction; MR = mitral regurgitation; MS = 
mitral stenosis; RHD = rheumatic heart disease; SER = mean systolic 
ejection rate (end-diastolic volumes/sec); VCF = mean circumfer- 
ential fiber shortening velocity (end-diastolic circumferences/sec). 


of left ventricular mean shortening velocity, ejection 
fraction and mean systolic ejection rate estimated 
from radionuclide time-activity curves and cineven- 
triculograms. 


Methods 


Thirty-one men (average age 43 years, range 28 to 57) 
were studied during diagnostic cardiac catheterization 
(Table I). After informed consent was obtained, radionu- 
clide angiocardiography was performed using a wedged 
Swan-Ganz catheter (balloon deflated) for delivery of the 
radionuclide. The patient was positioned under an Anger 
scintillation camera (Searle Radiographics Pho/Gamma 
HP) in the 40? right anterior oblique projection. Fifteen 
mCi of technetium-99m (as pertechnetate) was flushed 
through the wedged catheter and the data recorded at a 
rate of 20 frames/sec on a Digital Equipment Corporation 
PDP-12 computer interfaced to the Anger camera. 


Radionuclide Indexes 


After completion of the study, image analysis began with 
definition of an area of interest coincident with the left 
ventricle at end-diastole and a semianular area surround- 
ing the left ventricle to correct for scattered radiation.? The 
Swan-Ganz catheter was wedged in the right lower pulmo- 
nary lobe so that in the right anterior oblique projection 
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the wedged catheter injection site was well outside the left 
heart image. A 2 cm wide semianular ring was used for all 
studies without normalization for counts per unit volume 
of the left ventricle. We? have shown that this 2 cm semi- 
anular ring provided an accurate measurement of left ven- 
tricular ejection fraction in patients with different ejection 
fractions and end-diastolic volumes. This method empiri- 
cally corrects for scattered radiation and is only one of sev- 
eral methods proposed for correction of left ventricular 
time-activity curves in calculating ejection fraction.9? 

Left ventricular ejection fraction was computed from 
the corrected left ventricular time-activity curve as the 
fractional reduction in count rate from end-diastole to end- 
systole as compared with the end-diastolic count rate (Fig. 
1). Ejection fraction was computed for as many beats as 
possible and averaged. Beats were selected for analysis as 
consecutive beats after the peak left ventricular count rate 
and included all beats with clearly demonstrable end-sys- 
tolic and end-diastolic points (Fig. 1). Two to three beats 
were always available for analysis, and three to six beats 
were computed for patients with valvular regurgitation or 
slowed left ventricular washout. Beat to beat calculations 
of ejection fraction did not differ by more than 10 percent. 

Left ventricular mean circumferential fiber shortening 
velocity (VCF) was calculated from a modification of the 
formula of Karliner et al? An area of interest was con- 
structed coincident with the minor axis of the left ventricle 
(bisected long axis at end-diastole) (Fig. 2). The distance 
from the left ventricular apex to the mid-point of the aortic 
valve was used as the long axis (Fig. 2). A time-activity 
curve was obtained from this area of interest (Fig. 3). Mean 
shortening velocity (VCF,44;,) was calculated as 


V Crp 7A. Crs i 1 [1] 
ET V Cup 


in circumferences per second, where\/ Crp and V Crs are the 
square roots of the count rates at end-diastole and end-sys- 
tole, respectively, and ET is the ejection time. These count 
rates were not corrected for scattered radiation. Ejection 
time was determined by identifying the frame number at 
the onset of ejection and at end-systole and counting the 
frames between (Fig. 1). Ejection time values always varied 
by less than 15 percent from beat to beat of the two to 
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FIGURE 1. Time-activity curve obtained from the left ventricular 
area of interest (corrected for background). Ejection fraction is com- 
puted as the fractional fall in counts from onset of ejection (oe) to 
end-systole (s) relative to end-diastolic counts. In this example two 
beats were analyzed, oe to s and the subsequent beat, with average 
ejection fraction of 0.52. 
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seven beats selected for analysis. The square roots of the 
end-diastolic and end-systolic count rates were used to con- 
vert an area function (counts from minor axis area) to a lin- 
ear function to correspond to the contrast ventriculograph- 
ic method for measuring mean circumferential fiber short- 
ening velocity. Mean circumferential fiber shortening ve- 
locity was calculated from clearly defined beats occurring 
after peak left ventricular count rate as for ejection frac- 
tion. Variation between analyzed beats was always less 
than 15 percent. ELSE 

Left ventricular mean systolic ejection rate (SERradio) 
was calculated from the radionuclide data by a modifica- 
tion of the method of Peterson et al.* as 


LVCgp — LVCgs Ji [2] 
ET LVCgp 


in end-diastolic volumes (EDV) per second, where LVCgp 
and LVCzgs are, respectively, the end-diastolic and end-sys- 
tolic count-rates from the left ventricular area of interest. 
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FIGURE 3. Time-activity curve obtained from minor axis area of in- 
terest in a normal patient. The points of end-diastole (onset of ven- 
tricular ejection) (D) and end-systole (S) are indicated. Counts are on 
the vertical axis with time on the horizontal axis. The fractional re- 
duction in count rate for the beat indicated is 0.54 and for the fol- 
lowing beat is 0.51. The peak at the left (W) represents activity in 
the catheter as it traverses the left ventricular area of interest. 
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Minor axis 


FIGURE 2. Right anterior oblique summed image (left) 
and drawing (right) to illustrate the area of interest coinci- 
dent with the left ventricular (LV) minor axis, which bisects 
the left ventricular major axis—aortic valve to left ventric- 
ular apex. The left atrium (LA) and ascending aorta (Ao) 
are identified. 


Left Cineventriculographic Data 


For correlation of the radionuclide-determined indexes 
left cineventriculography was performed in a 30 to 40° 
right anterior oblique projection by power injection of 40 to 
49 ml of meglumine and sodium diatrizoates (Renografin® 
76, Squibb) thru a no. 7F National Institutes of Health 
catheter (Cordis) and filmed at a rate of 60 frames/sec with 
an Arriflex camera. Individual frames corresponding to 
end-ciastole and end-systole were drawn from -projected 
images using a Tag-Arno projector. Beats were chosen for 
analysis only if they were one of the first three beats after 
injection and were neither a premature heat nor a beat fol- 
lowing a premature beat. 

Left ventricular ejection fraction (LVEF) was calculat- 
ed using the area-length method®!° as 


LVEDV — LVESV [3] 
LVEDV 


where LVEDV and LVESV are, respectively, the end-dia- 
stolic and end-systolic volumes calculated from the plani- 
metered area (A) of the left ventricular silhouette at end- 
diastole and end-systole, the long axis (L) (left ventricular 
apex to mid-point of the aortic valve) and the calculated 
minor axis (M) as 


LVEF cine = 


LVEDVeine = tLM2/6 [4] 
and 
M = 4A/zL. [5] 


For calculation of mean left ventricular circumferential 
fiber shortening velocity (VCF cine) from contrast cineven- 
triculograms the equation of Karliner et al.? was used. The 
long axis was bisected and the minor axis measured at end- 
diastole (ED,,) and end-systole (ES,,), and shortening ve- 
locity was calculated as 





ED, ES, 4 
ET ED, [6] 


in circumferences per second. Ejection time (ET) was cal- 
culated by counting cine frames from end-diastole to end- 
systole; for patients without mitral regurgitation, 50 msec 
was subtracted for isovolumic contraction. AME 
Left ventricular mean systolic ejection rate (SERgine) 
was calculated from contrast cineventriculograms using the 


VCF cine as 








formulation of Peterson et al.* as, 


LVSV 1 [7] 
ET LVEDV 


in end-diastolic volumes per second. LVSV was the left 
ventricular stroke volume, the difference between LVEDV 
and LVESV. Again, the ejection time was corrected for iso- 
volumic contraction. 

In addition to counting of cine frames, ejection time was 
measured from high speed (75 mm/sec) pressure tracings 
obtained from a catheter placed in the ascending aorta. 
Ejection time calculated from left cineventriculograms cor- 
related (r = 0.91, P «0.001; no. = 31) with ejection time de- 
termined from the aortic pressure tracing. 

All of the radionuclide data were computed by one of us 
(M.LeF.) and the contrast cineventriculographic data by 
another (P.S.) without knowledge of each other's result. 
Fifteen randomly selected radionuclide computations of 
ejection fraction, mean shortening velocity and ejection 
time were repeated by a third author (D.K.), who was un- 
aware of the previous radionuclide results and the contrast 
data; there was excellent agreement between results (no 
value changed by more than 5 percent). No patient under- 
went a second radionuclide or contrast study. 

Correlation coefficients using standard formulas were 
calculated and the various means compared by Student's t 
test. 
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Results 


Normal Group 


Comparison of these three indexes of systolic left 
ventricular performance—ejection fraction, mean 
shortening velocity and mean systolic ejection rate— 
as determined by contrast ventriculography and ra- 
dionuclide angiography are presented in Table I. Six 
men studied were normal and underwent cardiac 
catheterization to exclude coronary artery disease. 
Left ventricular ejection fraction determined from 
radionuclide data in these men averaged 0.60 + 0.03 
(mean + standard deviation); this value compared fa- 
vorably with that calculated from cineventriculogra- 
phy, 0.61 + 0.04, and with established normal values. 

In these six normal subjects mean left ventricular 
circumferential shortening velocity calculated from 
cineangiographic data averaged 1.91 (range 1.72 to 
2.03) circumferences/sec. Karliner et al.? obtained an 
average value of 1.50 + 0.27 (range 1.23 to 2.03) cir- 
cumferences/sec with cineventriculography in 13 nor- 
mal patients, and Peterson et al.* found normal mean 
shortening velocity to average 1.83 + 0.48 circumfer- 
ences/sec (range 1.10 to 3.16 circumferences/sec; no. 
— 22). Radionuclide data yielded an average value of 
2.00 (range 1.75 to 2.43) circumferences/sec for mean 
shortening velocity. These shortening velocity data 
were computed from time-activity curves that were 
not corrected for scattered radiation and, thus, al- 
though similar numbers were obtained, the radionu- 
clide-derived measurement would not be expected to 
be identical to the measurement obtained by contrast 
ventriculography. In this report and in our previous 
report,® left ventricular ejection fraction was comput- 

ed from time-activity curves corrected for back- 
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ground (scattered radiation), whereas mean circum- 
ferential shortening velocity was computed from un- 
corrected data that correlated with contrast ventricu- 
lographic data, but the values are about half of those 
of contrast studies. The purpose of this study was to 
develop a radionuclide method for measuring an 
index of ventricular systolic performance analogous 
to mean shortening velocity as measured from con- 
trast ventriculograms. The relatively low count rate 
from the area of interest coincident with the left ven- 
tricular minor axis suggested that use of the uncor- 
rected data would be sufficient to develop an index oí 
shortening velocity comparable with that computed 
from contrast studies. | 

The average value for mean left ventricular systolic 
ejection rate determined from contrast ventriculo: 
graphic data in the six normal subjects was 3.26 
(range 3.18 to 3.47) end-diastolic volumes/sec. Using 
contrast ventriculography, Peterson et al.* found an 
average value of 3.32 + 0.51 end-diastolic volumes/ 
sec in 22 normal subjects. Radionuclide values for 
mean systolic ejection rate averaged 3.25 (range 2.98 
to 3.53) end-diastolic volumes/sec for the six normal 
subjects. This measurement utilized time-activity 
curves corrected for scattered radiation for computa- 
tion, and consequently these values should agree with 
the cineventriculographic data for mean systolic ejec- 
tion rate. 

Ejection time computed by the radionuclide meth- 
od by flagging end-diastolic and end-systolic frames 
correlated with the aortic pressure tracing (r — 0.90. 
P «0.001) and with the cineventriculogram (r = 0.89, 
P «0.001) in all 31 men. 

Correlation of left ventricular ejection fraction de- 
termined with radionuclide and contrast angiography 
was excellent in these 31 men (r = 0.95, P «0.001, 
standard error of the estimate 4.50) (Table I). In a 
previous report, we? demonstrated good correlation 
of this measurement in another group of 29 patients. 

Mean left ventricular shortening velocity measurec 
with radionuclide correlated with left cineventriculo- 
graphic values (r = 0.90, P «0.001) (Fig. 4, Table I) 
and correlation of the two methods of measuring left 
ventricular mean systolic ejection rate was also gooc 
(r = 0.98, P «0.001) (Fig. 5, Table I). 


Men With Heart Disease 


Of the 25 patients not included in the normal 
group, 7 had a normal mean circumferential fiber 
shortening velocity by cineventriculography (greater 
than 1.72 circumferences/sec) and of these 3 also had 
a normal value using radionuclide data. Of the 18 
with abnormal mean circumferential fiber shortening 
velocity with contrast ventriculography all also had 
abnormal values using radionuclide data. 

By cineventriculography 4 of the 25 men with 
heart disease had a normal mean systolic ejection 
rate (greater than 3.07 end-diastolic volumes/sec). Of 
these four, two had a normal systolic ejection rate 
with radionuclide data (greater than 2.98 end-dia- 
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. FIGURE 4. Correlation of mean left ventricular circumferential fiber 
-. shortening velocity obtained from radionuclide and cineangiographic 
4 ie data in 31 subjects. Circ = circumferences; SEE = standard error of 
. the estimate. 


-stolic volumes/sec) and two had an abnormal value 
for this measurement. Of the 21 with heart disease 
~ and an abnormal ejection rate by contrast study, all 
$$ also had an abnormal value by radionuclide study. 

, The radionuclide data were used to examine the 
d Salatin between left ventricular ejection fraction and 
- systolic ejection rate. These two indexes of systolic 
3 _ performance were closely related (r = 0.92, P «0.001; 
. no. = 31) (Fig. 6). One patient with coronary disease 
— had a normal ejection fraction (0.69) and a depressed 
E systolic ejection rate (2.30 end-diastolic volumes/sec). 
7 The correlation of ejection fraction with mean cir- 

Pieaditerential shortening velocity was more scattered 
^ (r = 0.60, P «0.001; no. = 31) (Fig. 7). No patient 

a with a depressed ejection celta had a normal mean 
a shortening velocity, but four with a normal ejection 

. fraction had a depressed shortening velocity. Two of 
^. these patients had mitral regurgitation and two had 

i A PINOHAEY disease. 

P. | Discussion 
E. "The method described in this report extends the 
. capability of radionuclide angiocardiography in de- 
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FIGURE 5. Correlation of mean left ventricular systolic ejection rate 


calculated from radionuclide and contrast ventriculographic data in 
31 subjects. EDV = end-diastolic volumes. 


fining the systolic performance of the left ventricle. 
The relatively high count rates from the left ventric- 
ular area of interest available after injection of radio- 
nuclide into a wedged pulmonary catheter allow an 
acceptable time-activity curve to be obtained from an 
area of interest coincident with the left ventricular 
minor axis. The calculation of left ventricular mean 
circumferential fiber shortening rate from time-activ- 
ity curves uses concepts similar to those developed 
for contrast cineventriculography. With radionuclide 
data, left ventricular minor axis shortening velocity 
and systolic ejection rate can be accurately estimated 
without the need for left heart catheterization. The 
system required to perform these measurements uses 
standard commercially available components. In ad- 
dition, the short half-life (6 hours) of technetium- 
99m permits serial study of these indexes at relative- 
ly frequent intervals. 

Mean left ventricular circumferential shortening 
velocity can also be accurately measured by echocar- 
diography.!! This technique can be repeated fre- 
quently and has the advantage of being noninvasive, 
but technical problems preclude obtaining satisfacto- 
ry echocardiograms in all patients. 
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FIGURE 7. Relation between left ventricular ejection fraction and cir- 
cumferential fiber shortening velocity as determined from radionu- 
clide data in 31 subjects. 
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The need for methods of measuring myocardial 
contractility under relatively basal conditions in man 
has recently been discussed.!? The work of Peterson 
& et al^ has suggested the relative superiority of the 
ejection phase indexes over isovolumic phase con- 
tractility indexes as clinically relevant measures of 
myocardial performance. Simplification of measure- 
ment of ejection phase indexes— mean circumferen- 
tial fiber shortening velocity and mean normalized 
systolic ejection rate—so that they are easily calcu- 
lated from contrast ventriculography should prove 
clinically useful. With use of radionuclide techniques 
these indexes can be obtained just as easily without 
left heart catheterization. 

The data reveal correlation of left ventricular ejec- 
tion fraction with mean circumferential fiber short- 
ening velocity and particularly with systolic ejection 
rate. This relation has previously been shown by Pe- 
terson et al.,* who observed correlation coefficients of 
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0.79 and 0.87 for ejection fraction with fiber shorten- 
ing velocity and systolic ejection rate, respectively. 

Mean systolic ejection rate correlated quite closely 
with ejection fraction. This finding has previously? 
been noted and is not surprising since these measure- 
ments differ by only the ejection time. The scatter in 
the plot of ejection fraction against fiber shortening 
velocity may be explained in some patients who have 
localized areas of wall contraction at the minor axis 
where circumferential fiber shortening is measured. 
Also, with reduced myocardial performance the left 
ventricle approaches a more spherical configuration 
so that contraction is relatively greater along the 
major than along the minor axis. 
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a aiuretic-antihypertensive agent 


BRIEF SUMMARY 

(For full prescribing information, see package circular.) 
ACTIONS: The primary action of the thiazide diuretics is to produce 
diuresis by increasing the renal excretion of sodium and chloride. They 
inhibit the mechanism for tubular reabsorption of sodium and chloride 
by direct action on the distal segment. At maximal therapeutic dosage 
all thiazides are approximately equal in their diuretic potency. 


The mechanism(s) of the antihypertensive action of the thiazides has 
not been elucidated. 


INDICATIONS: DIUCARDIN is indicated as adjunctive therapy in 
edema associated with congestive heart failure, hepatic cirrhosis and 
corticosteroid and estrogen therapy. 


DIUCARDIN has also been found useful in edema due to various forms 
of renal dysfunction as: nephrotic syndrome; acute glomerulone- 
phritis; and chronic renal failure. 


Diuretics are indicated in the management of hypertension either as 
the sole therapeutic agent or to enhance the effect of other 
antihypertensive drugs in the more severe forms of hypertension. 
CONTRAINDICATIONS: Anuria, oliguria. 

Hypersensitivity to DIUCARDIN or other sulfonamide derivatives. 
The routine use of diuretics in an otherwise healthy pregnant woman 
with or without mild edema is contraindicated and possibly haz- 
ardous. 

WARNINGS: Use with caution in severe renal disease since thiazides 
may precipitate azotemia. Effects due to accumulation of the drug 
may occur in patients with impaired renal function. 





TABLETS 


Use with caution in patients with impaired hepatic function or 
progressive liver disease since minor changes of fluid and electrolyte 
balance may precipitate hepatic coma. 


Use with caution when hydroflumethiazide is administered in 
conjunction with other antihypertensive agents. Lowering of dosage 
of these agents is usually indicated. Thiazides potentiate ganglionic 
or peripheral adrenergic blocking drugs. 


Sensitivity reactions may occur in patients with a history of allergy or 
bronchial asthma. 


The possibility of exacerbation or activation of systemic lupus 
erythematosus has been reported. 


Usage in Pregnancy and During Lactation: Thiazides cross the 
placental barrier and also appear in breast milk. Consequently, they 
may cause fetal or neonatal hyperbilirubinemia, thrombocytopenia, 
altered carbohydrate metabolism and other adverse reactions. 
Therefore, the potential benefits of thiazide administration in women 
of childbearing age must be weighed against the possible hazards to the 
fetus or child. 


PRECAUTIONS: Tests should be made at appropriate intervals to 
detect possible electrolyte imbalance, i.e. hypokalemia, hypona- 
tremia, and hypochloremic alkalosis. All patients taking thiazides 
should be observed for signs and symptoms of electrolyte or fluid 
imbalance, namely dryness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains or cramps, muscular fatigue, 
hypotension, oliguria. tachycardia, and gastrointestinal disturbances 
such as nausea and vomiting. Serum and urine electrolyte 
determinations are particularly important if the patient is vomiting 
excessively or receiving parenteral fluids. 

If hypokalemia should develop, dietary potassium supplementation or 
the use of dilute potassium solutions should be tried. Small bowel 
lesions have been reported following the administration of enteric 


nAntAA AnnnaAnteatadA nennnnatinan mb aAtadaiion nnlbe 


Dilutional hyponatremia may eccur in edematous patients during hot 
weather. Water restriction rather than administration of salt is 
appropriate except in rare cases when hyponatremia is life-threaten- 
ing. In actual salt depletion, appropriate replacement should be 
given. 

Hypochloremiais generalty mild and usually does not require specific 
treatment except under extraordinary circumstances, as in renal or 
liver disease. 


The possibility of development of electrolyte or fluid imbalance is 
increased by brisk diuresis, severe liver disease, or concomitant 
administration of medications such as digitalis, ACTH, and cortico- 
steroids. 


Adequate oral intake of electrolytes should be maintained to minimize 
the possibility of electrolyte imbalance. 


If a progressive increase in serum nitrogen occurs, a careful appraisal 
of the patient's condition should be made to determine whether 
diuretic therapy should be continued. 


Because of the possibility of hypokalemia developing, patients taking 
digitalis should be followed carefully since a decrease in body 
potassium may necessitate lowering digitalis dosage. 


Plasma uric acid levels may be increased and could, in susceptible 
patients, precipitate an attack of gout. 


Thiazides alter carbohydrate metabolism. Patients who have diabetes 
mellitus or are suspected of being prediabetic should be followed 
closely since hyperglycemia and glycosuria may occur. Dosage 
adjustment of antidiabetic agents is frequently indicated. 


Thiazides may decrease serum PBI without signs of thyroid distur- 
bance. 


Thiazides act to decrease the response of the peripheral arterial system 
to catecholamines and to enhance the effects of curare and its 
derivatives. Caution shouid be exercised in administering general 
anesthesia or curare derivatives to patients taking thiazides. 


The antihypertensive effeet of thiazides may be enhanced following 
sympathectomy. 

ADVERSE REACTIONS: Gastrointestinal: anorexia, gastric irrita- 
tion, nausea, vomiting, cramping, diarrhea, constipation, acute pan- 
creatitis. 

Central Nervous System: dizziness, vertigo, headache, paresthesias, 
xanthopsia, restlessness. 


Hematologic: leukopenia, thrombocytopenia, agranulocytosis, aplas- 
tic anemia. 

Allergic: purpura, photosensitivity, rash, urticaria, necrotizing angiitis, 
exfoliative dermatitis, glomerulonephritis, intrahepatic cholestatic 
hepatitis. 

Cardiovascular: orthostatic hypotension (may be aggravated by 
alcohol, barbiturates, or narcotics). 

Musculoskeletal: muscle cramps, weakness. 


Clinical Laboratory Test Findings: electrolyte imbalance, elevation of 
serum nitrogen, elevation of plasma uric acid, hyperglycemia and 
glycosuria, decreased serum PB! levels. 

DOSAGE AND ADMINISTRATION: Usual adult dosage: 50-100 mg. 
per day. 

The dosage regimen should be individualized to obtain the maximum 
effect at the lowest dosage level. Dosage regimens using 25 mg. 
DIUCARDIN (hydroflumethiazide) may be adequate in some cases. 
Dosage should not exceed 200 mg. per day. 

HOW SUPPLIED: DiUCARDIN —No. 702— Each scored tablet 
contains 50 mg. hydroflumethiazide, in bottles of 100 and 1000. 


References: 1. A.M.A. Drug Evaluations, ed. 2, Acton, Massachusetts, 
Publishing Sciences Group, Inc., 1973, p. 70. 2. Blagg, CR.: 
Hydroflumethiazide, a new oral diuretic, Lancet 2:311 (Sept.) 1959. 
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: Now the complete, 
flexible ultrasouna system: 


TheRT-400. 


~ For dynamic,two-dimensional, 
real-time, high-resolution imagin 
Today and tomorrow 










For more information, write or call: 
Grumman Health Systems 
400 Crossways Park Drive 
Woodbury, New York 11797 
(516/575-3513) 


Artist's conception of heart with 
changes typical of congestive failure. 


Note pronounced left ventricular 


hypertrophy. 
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£c I csroceitvo h heart. 
. failure... 


aldosteronism promotes 
edema. ‘The hyperaldosteronism 
present in the majority of patients with 
congestive heart failure...explains the low 
sodium excretion in urine, sweat, and saliva. 
Ultimately, of course, this retention of salt 
and water leads to edema." 


Aldactone (spironolactone) 
combats aldosteronism... 
promotes diuresis. 


"By administering spironolactone [Aldactone] 
over, say, three or four weeks, one may 
actually induce a greater sodium and water 
loss than with more powerful natriuretic 
agents.... ° 


. Effective diuresis in 
~ edema of congestive heart failure 


AldactONne écironciactone)onns we: 


ill Produces gradual, positive, sustained diuresis, usually without 
Causing acute volume depletion, and without rebound fluid retention. 


lil Helps prevent potassium loss which may contribute to 
arrhythmias and digitalis toxicity. 


See next page for brief summary of prescribing information. 


In congestive heart failure 


Aldactone 


(spironolactone) 25-mg. tablets 


iB Often sufficient alone. 


ill May also be given daily along with — 
a thiazide, furosemide or ethacrynic acid. 


Indications — Essential hypertension; edema of congestive heart failure, 
cirrhosis of the liver, the nephrotic syndrome and idiopathic edema. Some 
patients with malignant effusions may benefit from Aldactone (spironolac- 
' fone), particularly when given with a thiazide diuretic. 

Contraindications — Acute renal insufficiency, rapidly progressing im- 
pairment of renal function, anuria and hyperkalemia. 

Warnings — Potassium supplementation may cause hyperkalemia and is 
not indicated unless a glucocorticoid is also given. Discontinue potassium 
supplementation if hyperkalemia develops. Usage of any drug in women 
of childbearing age requires that the potential benefits of the drug be 
weighed against its possible hazards to the mother and fetus. 

Precautions— Potients should be checked carefully since electrolyte 
imbalance may occur. Although usually insignificant, hyperkalemia may be 
serious when renal impairment exists; deaths have occurred. Hyponatremia, 
manifested by dryness of the mouth, thirst, lethargy and drowsiness, 
together with a low serum sodium may be caused or aggravated, espe- 
cially when Aldactone is combined with other diuretics. Elevation of BUN 
may occur, especially with preexisting renal impairment. Mild acidosis may 
occur. Reduce the dosage of other antihypertensive drugs, particularly the 
ganglionic blocking agents, by at least 50 percent when adding Aldactone 
since it potentiates their action. The physician should be alert to 
the possible onset of gynecomastia. 

Adverse Reactions—Drowsiness, lethargy, headache, diarrhea and other 
gastrointestinal symptoms, maculopapular or erythematous cutaneous 
eruptions, urticaria, mental confusion, drug fever, ataxia, gynecomastia, 
inability to achieve or maintain erection, androgenic effects, including 
hirsutism, irregular menses and deepening voice. Adverse reactions are 
usually reversible. In rare instances gynecomastia may persist. 

Dosage and Administration—For essential hypertension in adults the 
initial daily dosage is 50 to 100 mg. in divided doses. Aldactone may be 
combined with a thiazide diuretic if necessary. Continue treatment for two 
weeks or longer since the maximal response may not occur sooner. Adjust 
subsequent dosage according to response of patient. 

For edema in adults initial daily dosage is 100 mg. in divided doses. 
Continue medication for at least five days to determine diuretic response; 
add a thiazide or organic mercurial if adequate diuretic response has not 
occurred. Aldactone dosage should not be changed when other therapy 
is added. A daily dosage of Aldactone considerably greater than 75 mg. 
may be given if necessary. 

A glucocorticoid, such as 15 to 20 mg. of prednisone daily, may be desir- 
able for patients with extremely resistant edema which does not respond 
adequately to Aldactone and a conventional diuretic. Observe the usual 
precautions applicable to glucocorticoid therapy; supplemental potassium 
will often be necessary. Such patients frequently have an associated 
hyponatremia—restriction of fluid intake to 1 liter per day or administra- 
tion of mannitol or urea may be required (these measures are contra- 
indicated in patients with uremia or severely impaired renal function). 
Mannitol is contraindicated in patients with congestive heart failure, and 
urea is contraindicated with a history or signs of hepatic coma unless 
the patient is receiving antibiotics orally to “sterilize” the gastrointestinal 
tract. 

Glucocorticoids should usually be given first to patients with nephrosis 
since Aldactone, although useful for diuresis, will not directly affect the 
basic pathologic process. 

For children the daily dosage should provide 1.5 mg. of Aldactone per 
pound of body weight. 

References: 

1. Genest, J., and Nawar, T.: Clinician: Congestive Heart Failure, Medcom" 
Learning Systems, New York, Medical Communications, Inc., 1972, pp. 42-49. 
2. Laragh, J. H.: Hosp. Pract. 5:43-50 (Nov:) 1970. 
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If you... Change your Address? 


.. . Need Information? 
ATTACH YOUR PRESENT ADDRESS LABEL BELOW 


AFFIX LABEL 


If you have a new address please print it 
below. You MUST include your ZIP code. Post 
Office rules will not permit us to send your 
magazine to you without it. 
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When a 


cholesterol-control 
diet is indicated... 


azola 








helps. 


Helps 
lower serum 
cholesterol 


Serum Cholesterol 
( mg/dl.) 





Moderate cholesterol- 
lowering diet Mean moderate-diet 
change — 205 mg /dl. 
to 171 mg/dl 








Mean strict-diet 
change = 201 mg/dl. 
to 142 mg /dl 





Strict cholesterol- 
lowering diet 






Adapted from Anderson, ] T., Grande, F., and Keys, A.: Cholesterol- 
lowering diets, ]. Am. Diet. Assoc., 62:133, 1973. 


[n this study, a standard diet was modified to produce a 
moderate cholesterol-lowering diet, using skim milk, lean meats, 
fish, two eggs per week, poultry, and Mazola® corn oil and 

corn oil margarine. The average decrease in serum cholesterol 
for the 12 subjects was 17%. Serum cholesterol was reduced even 
more (average of 29% for 36 subjects) when a strict diet was 
used, which excluded butterfat and margarine, further reduced 
meat and eggs, and allowed Mazola corn oil as the only 

visible fat. All changes were considered highly significant. 


Taste acceptance... 
Diet adherence 


For cholesterol control, long-term adherence 
is essential. To gain patient acceptance, the 
polyunsaturated fats used must pass 

the test of taste. For flavor and lightness, 
Mazola corn oil and corn oil margarine qualify. 





Mazola 


C COPYRIGHT 1976 


Corn Oil « Margarine 


Helps 
patients live with 
the diet 


The following patient aids and education pro- 
grams are available free upon request. Please 
check those you wish to receive and mail this 
coupon to Dr. D.M. Rathmann, Mazola 
Nutrition Information Service, Best Foods, 

a Division of 

CPC International Inc., 
[nternational Plaza, 
Englewood Cliffs, 
New Jersey 07632. 





AJC-1 
| | Patient Aids: (1) "A Diet for Today" — practical 


menus and recipes to lower cholesterol intake. 
(2) “Nutritive Values of Food Products made by 
Best Foods: (3) "Beyond Diet: Exercise Your Way 
to Fitness and Heart Health" — an innovative 
exercise and fitness program for patients. 


[| "Atherosclerosis" Additional information on an 
80-page physician education monograph developed 
by leading authorities, with a self-evaluation section, 
and a full-color, 30-minute documentary film. 


|] *3 Times a Day" Additional information on a 
nutrition learning system for patients, offering a 
52-page monograph, a film for group showings, and 


self-evaluation forms. 
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Echoview System 80C 
Echocardiograph 


The latest advance in echocardi- 
ography has just advanced again 
with "Depth Selective Amplification — 
the heart of the new Echoview 
System e 

DSA allows you tc select optimum 
gain E every position of the 
cardiac structure. Echoes — from 
anterior wall, interventricular 
septum, mitral valve or posterior 
wall — can be selectively increased 
or decreased in order to define 
these stru de with iue greatest 

clarity. Picker Echoview System 
80C with ex cike DSA gives your 
tracings more clinical data and a 
higher percentage of interpretable 
results. 

But DSA is only part of the story. 
Logically grouped controls simplify 
operation. Lightweight cart allows 
you to take the Echoview e 
80C to the patient's bedside. Anc 
our strip chart recorder TE. 
excellent grey scale representation 
of weak and strong echoes so that 
all structures are clearly delineated. 

The clinical data tell the story. 
Contact your Picker representative 
or Picker Corporation, 12 Clinton- 
ville Road, Northford, CT 06472, 
Telephone 203-484-2711, Ext. 371. 
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DSA™ 





JNE OF THE C.T. COMPANIFS 





LO A A it i 


- RS. MS oom 


- i mohi aaas 


HORIZONTAL SHIFT 


DEPTH-CM 
8 10 


12 


14 


GAIN CURVE 


17 





20 















If your angina patient 
isnt having 3 out of 4 
etter days than usual... 


try Cardilate 


ERYTHRITYL TETRANITRATE) 








y acting nitrate 


INDICATIONS For the prophylaxis and 


y 4 
~N F tor ^ $ ~+ on $ LAJ ^ - 
long-term treatment of patients with fre 
quent or recurrent anginal pain and re 
duced exercise tolerance associated with 
angina pectoris. rather than for the treat 


rent of the acute attack of angina pi 
toris. since its onset oi action is somewnat 
Slower than that of nitroalycerir 
PRECAUTIONS. As with other effective 
nitrates. some fall in blood pressure may 
occur with large do 

Caution should be observed in admin 
isterina the drug to patients with a nistory 
of recent c ara hemorrhage. because 
of the vasodilatation which occurs in the 
area Althouc ih therapy permits more 
normal activity, ine tient shou'!d nol be 
allowed to misinterpret Wives m irom 
anginal attacks as a signal to drop a 
restriction: 
SIDE EFFECTS No serious side effects "Pain days’ significantly re- Rapid-acting chewable tablets 











have been reported In sublingual therapy duced with Cardilate^ (eryth- (10mg) preferred by many pa 
a tingling sensation (like that of nitro rityl tetranitrate) in 48-patient tients. Should be given before 
iet may sometimes be noted al study.! Patients on placebo ex anticipated periods of stress to 

the point of tablet contact with the mucou: perienced same pain as usual produce an action within 5 
membrane. If objectionable. this may be or increased pain 2 days out of minutes and lasting up to 2 
mitigated by placing the tablet in the 3...compared to 1 day out of 4 hours. Sublingual tablets also 
buccal pouch. As with nitroglycerin or while on Cardilate available 

other effective nitrites. temporary vascular 

headache may occur during the first tev 

days of therapy. This can be controlled by 

temporary dosage reduction in order to 

allow adjustment of the cerebral hemo 

dynamics t | the initial marked cerebra 

vasodilatation. These headaches usua 


disappear within one week of continuous 
therapy but may be minimized by thi 
administration of analgesic: 

Mild gastrointestinal disturbances occur 
occasionally with larger doses and may 
be controlled by reducing the dose tem 
porarily 
SUPPLIED: 10 mg chewable tablets. bot 
tle of 100. Also 5. 10 and 15 mg scorea 
tablets in bottles of 100. 10 mg scored 
tablets also su adi in bottle of 1,000 

Also available Ds a late- P brand 
Erythrityl Tetranitrate with Phenobarbital” 
C Warning: may De ^ E Md Effective prophylaxis against — Cardilate can save patients 


1. Russek HL AMJM 239:478. 1960 attacks; increases exercise tol money; is less expensive than 


erance. Serious side effects many popular long-acting ni 


r hs Wellcome Co. | ings nc 
ibn Triangle Park years clinica! use uncommon ...also helps re 


» North Carolina 27709 duce need for nitroglycerin 











have not been reported in 20 trates. 2076 to 30% savings not 









EMENS-ELEMA 


ACEMAKERS 


high-technology systems from Sweden 
helping physicians strengthen 
“the spark of life" in Europe since 1958 ... 


proven in over 60,000 patients . . 





now available in America 


see next page 


TWO OF THE HIGH-TECHNOLOGY 
SIEMENS-ELEMA PACEMAKERS 
NOW AVAILABLE IN AMERICA 


Variopacemaker EM 169C QRS-inhibited . Lithium Pacemaker 187 QRS-inhibited 

ENABLES RAPID, NON-INVASIVE CHECK OF PATIENT'S LITHIUM-IODIDE POWER CELL AND ADVANCED DESIG? 
THRESHOLD VALUE. Simply place a magnet above the GIVE LONG LIFE, HIGH RELIABILITY. With an estimate: 
implanted Siemens-Elema Variopacemaker, and its impulse lifetime of over 6 years, the Siemens-Elema Lithium De 
amplitude steps down in 16 equal intervals to zero voltage, mand pacemaker offers significant advantages to patien 


then repeats cycle. ECG readings taken simultaneously and physician. Battery life is extended, without impairing 
show where effective ventricular capture . d . Stimulation, by a short pulse duration. Th: 
ceases, and permit rapid determina- lll E € pacemaker is highly resistant to elec 
tion of threshold value and ^ | E E tromagnetic interferences, an: 
safety margin. This is an has an additional safety facto 
important factor due to in case of overwhelming inter 
variation of threshold ve ference: the unit does not ceast 
during the first weeks af to function, but switches t 
implantation; it is equally l basic rate stimulation 
important toward the end C Pacemaker housing is hermetically 
the implantation period. sealed titanium; the lithium-iodidt 
Well-suited for one-step o Fj mea  16ellisalso hermetically sealed fo 
implantations, the Vario- As A hU — NS ~~ greatest reliability. Puls 
pacemaker also enables "n By c HN  C"—A amplitude decreases onl 
the patient's local physi- pO. 8V from beginning to enc 
cian to check threshold of estimatec 
value. Information may . pacemaker life 
be transmitted by a 
telephone to central  - 
facilities. 1 






















TN 


Distributed by 


"am" 4m3 elema-schonander, inc. 
Siemens-Elema Pacemaker Division 
WP WP, 699 Lively Blvd., P.O. Box :28 
Jw Elk Grove Village, lll. 60007 U.S.A. (312) 640-6460 


Manufactured by SIEMENS-ELEMA AB 
917195 Soina, Sweden 


© 1975 SIEMENS-ELEMA 





25 years of medical accuracy f TY Patient Education Films 


and acceptance provides clear and concise information 
saves you time 


aids patient cooperation and confidence 


A New Motion Picture Series 
For the Cardiac Patient 


Professionally produced films, in full color with 
sound, your patients can view right in your 
office or clinic . . . informs patients on aspects 
of preventive care and cardiac treatment. 


The Heartline is a new resource that brings movies 
into your office to answer common patient questions and 
concerns. 

The films supplement your own personal counsel in a 
very tangible way. Basic and routine medical information is 
clearly communicated via the films to your patients. This 
helps eliminate many time-consuming explanations and 
gives your patients help in pinpointing areas that really 
trouble them. The films also create a more favorable cli- 
mate for your treatment program. Patients become more 
relaxed after viewing and better understand the need for 
specifically prescribed medical care. 

Second Chance 

A film for the post-coronary patient. 

In Your Hands 

A film for the family of the post-coronary patient. 


One More Smoke 
A strong motivational anti-smoking film depicting the 
physiological relationship of smoking and heart disease. 


High Blood Pressure 

The physiology and management of Hypertension. 
Dietary Management — Available soon 

Cardiac Catheterization Angiography — Available soon 


Technical consultant for Series: Richard S. Ross, M.D. 





For more information: CALL COLLECT (301) 664-2600 Or reply by mail to: 
FREE TRIAL IN YOUR OFFICE 
Films and Projector are available 
on a 10-day Free Trial at 
No Obligation to Physicians. 3800 Liberty Heights Ave. 
Baltimore, Maryland 21215 






Each film comes loaded 
in its own sealed cassette that 
snaps into a portable TV-like 

end projector. No threading is 
required. The touch of a button 
delivers instant picture and 
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sound. As the film ends, the BE ae 

projector shuts off auto- Address: —— ——— — —— EIER AMT th cune mar 
matically and is ready for QU LE P c sU ccc ell roe M ues 
the next patient without Bhoné 


rewinding. ASSI ————— 
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— HYPERSTAT* LV. ( brand of diazoxide, USP) " 


Injection 
FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


INDICATIONS For the emergency reduction of blood pressure in malignant 
hypertension in hospitalized patients, when prompt and urgent decrease of 
diastolic pressure is required. Treatment with orally effective antihypertensive 
agents should be instituted às soon as the hypertensive emergency is controlled. 
HYPERSTAT 1.V. Injection is ineffective against hypertension due to pheo- 
chromocytoma. 


CONTRAINDICATIONS it should not be used in the treatment of compensatory 
re gel io such as that associated with aortic coarctation or arteriovenous 
shunt, nor in patients hypersensitive to diazoxide or other thiazides, unless the 
potential benefits outweigh the possible risks. 


WARNINGS Safety in pregnancy and in children has not yet been established. 
Information is not available concerning the passage of HYPERSTAT in breast 
milk, However, it is known that diazoxide crosses the placental barrier and 
appears in cord blood. Like other thiazides, the drug may produce fetal or neo- 
natal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, 
and possibly other adverse reactions that have occurred in adults. Hypotension 
may occasionally result. If severe enough to require therapy, it will usually 
respond to the administration of sympathomimetic agents, such as norepine- 
phrine. Hyperglycemia occurs in the majority of patients, but usually requires 
treatment only in patients with diabetes mellitus; it will respond to the usual 
management, including insulin, Therefore, blood glucose levels should be moni- 
tored, especially in patients with diabetes or in those requiring multiple injec- 
tions cf diazoxide. Hyperglycemia and hyperosmolar coma associated with 
transient cataracts developed in one infant receiving repeated daily doses of 
oral diazoxide. The disturbed carbohydrate metabolism was successfully treated 
with insulin, Cataracts have been observed in a few animals receiving repeated 
daily doses of intravenous or oral diazoxide. Since diazoxide causes sodium re- 
tention, Popes injections may precipitate edema and congestive heart failure. 
This retention responds characteristically to diuretic agents if adequate renal 
function exists, Concurrently administered thiazides may potentiate the anti- 
hypertensive, hyperglycemic, and hyperuricemic actions of diazoxide (See Drug 
Interactions). Since increased volume of extracellular fluid may be a cause of 
treatment failure in nonresponsive patients, it may be advisable to reduce this 
increased volume by means of a diuretic agent, Although no evidence of exces- 
sive anticoagulant effects has been reported, patients, especially those who are 
hypoalbuminemic and receive HYPERSTAT I.V. Injection and coumarin or its de- 
rivatives, may require reduction in dosage of the anticoagulant (See Drug 
Interactions). 


PRECAUTIONS  HYPERSTAT (diazoxide) I.V. Injection is a potent antihyperten- 
sive agent requiring close monitoring of the patient's blood pressure at fre- 
quent intervals. Its administration may occasionally cause hypotension requiring 
treatment with sympathomimetic drugs. Therefore, adequate facilities to treat 
such untoward reactions should be available. It should be administered only into 
a peripheral vein, Because the alkalinity of the solution is irritating to tissue, 
extravascular injection or leakage should be avoided; subcutaneous administra- 
tion has produced inflammation and pain without subsequent necrosis. If leak- 
age into subcutaneous tissue occurs, the area should be treated conservatively. 
Maximal antihypertensive effects occur after rapid administration (within 30 
seconds) into the vein; a slower injection may fail to reduce blood pressure or 
produce a very brief response, As with any potent antihypertensive agent, 
HYPERSTAT I.V. Injection should be used with care in patients who have im- 
paired cerebral or cardiac circulation, that is, patients in whom abrupt and 
brief reductions in blood pressure might be detrimental. Special attention is 
required for patients with diabetes mellitus and those in whom retention of salt 
and water may present serious problems (See Warnings). Nondiabetic patients 
may have a transient, reversible, and clinically insignificant increase in blood 
glucose following HYPERSTAT I.V. Injection. Since peritoneal dialysis or hemo- 
dialysis can reduce levels of diazoxide in the blood, patients undergoing dialysis 
may require more than one injection. 


ADVERSE REACTIONS 


Frequent and serious adverse reactions: Sodium and water retention 
after repeated injections, especially important in patients with impaired cardiac 
reserve; hyperglycemia frequently requiring treatment in diabetic patients, 
especially after repeated injections. 

Infrequent but serious adverse reactions: Hypotension to shock levels; 
myocardial ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and ventricular arrhythmias, and marked electro- 
cardiographic changes; cerebral ischemia, usually transient but possibly leading 
to thrombosis and manifested by unconsciousness, convulsions, paralysis, con- 
fusion or focal neurological deficit, such as numbness of the hands; persistent 
retention of nitrogenous wastes after repeated injections; sensitivity reactions, 
such as rash, leukopenia, and fever. Rarely, acute pancreatitis has been reported, 
Papilledema, induced by plasma volume expansion secondary to the administra- 
tion of diazoxide, was reported in one patient who had received eleven injec- 
tions over a twenty-two day period. 

Other adverse reactions: Vasodilative phenomena, such as orthostatic 
hypotension, sweating, flushing, and generalized or localized sensations of 
warmth; supraventricular tachycardia and palpitation; bradycardia; various 
transient neurological findings secondary to alterations in regional blood flow 
to the brain, such as headache (sometimes throbbing), dizziness, lightheaded- 
ness, sleepiness (also reported as lethargy, somnolence or drowsiness), euphoria 
or “funny feeling’’, ringing in the ears and momentary hearing loss, and weak- 
ness of short duration; chest discomfort or nonanginal “tightness in the chest’; 
transient hyperglycemia in nondiabetic patients; transient retention of nitro- 
genous wastes; and various respiratory and gastrointestinal findings, secondary 
to the relaxation of smooth muscle, such as dyspnea, cough and choking sensa- 
tion; nausea and vomiting and/or abdominal discomfort, anorexia, alteration in 
taste, parotid swelling, salivation, dry mouth, lacrimation, ileus, constipation 
and diarrhea. Also, warmth or pain along the injected vein; cellulitus without 
sloughing and/or phlebitis at the site of extravasation; back pain; and increased 
nocturia. Apprehension or anxiety, malaise and blurred vision occurred on single 
occasions. 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may 
displace other substances or drugs which are also bound to protein, such as 
bilirubin or coumarin and its derivatives. These potential interactions must be 
considered when administering HYPERSTAT I.V. Injection. The concomitant ad- 
ministration of diazoxide with thiazides or other commonly used potent diu- 
retics may potentiate the hyperglycemic, hyperuricemic, and antihypertensive 
effects of diazoxide. 


OVERDOSAGE Overdosage br cause an undesirable hypotension. Usually, this 

omimetic agents, such as norepinephrine; failure 
of the blood pressure to rise in response to such an agent suggests that the 
hypotension may have been caused by something other than diazoxide. Exces- 
sive hyperglycemia resulting from overdosage will respond to conventional 
therapy of YD EUR. arene may be removed from the blood by peri- 
toneal dialysis or hemodialysis. SWW-4940R1 


SCHERING CORPORATION, KENILWORTH, N.J. 07033 
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20 ml ampule 
contains 300 mg 


“The injection of the [diazoxide] bolus in 10 to 15 seconds results 
in a prompt blood pressure fall in a high percentage of cases. A maximal 


blood pressure response usually occurs within 5 to 10 minutes: * 


O Rapid reduction to normotensive levels 

Induces rapid reduction of blood pressure generally 
within 5 minutes ...often in 1 or 2 minutes to the lowest 
level achieved. Blood pressure response facilitated by 
appropriate diuretic therapy. 


© Prolonged activity 

t = Asingleinjection of HYPERSTAT I.V. generally maintains 
blood pressure below pretreatment levels for periods 
up to 12 hours. 


1j Protective action — helps avert target 
organ damage 

Cardiac output increases as diastolic pressure is 
reduced. Coronary and cerebral blood flow maintained. 
Increased renal blood flow after transient decrease. 


Administration guidelines 








€ Uncomplicated procedure 

Simple I.V. “push” in a peripheral vein in 30 seconds or 
less. Close monitoring at frequent intervals is necessary 
until blood pressure is stabilized (generally 15-30 minutes). 
Thereafter, hourly measurement should be taken during 
the balance of effect. 


g Convenient...no preparation 


HYPERSTAT I.V. supplied as a 20 ml ampule containing 
300 mg diazoxide in ready to use solution. 


*Marvin Moser, M.D., Assistant Professor of Clinical Medicine, Albert 
Einstein College of Medicine, and Chief of Cardiology. White Plains 
Hospital, White Plains. N.Y., in Diazoxide — an effective vasodilator in 
accelerated hypertension. Am Heart J 87(6): 791-795, June 1974. 








Fill dry syringe with appropriate dose 2 Hospitalized patient should be Inject entire dose I. V. in 30 seconds or 
» Of HYPERSTAT I.V. Injection (20 ml a recumbent. Insert needle only into 3 . less. Remove needle carefully— 
ampule contains 300 mg diazoxide). a peripheral vein. avoid extravasation. 
4 Keep patient recumbent for at least half If patient is to be ambulatory, measure Ó HYPERSTAT I.V. Injection should be 
« an hour after injection; monitor BP e BP in standing position before ending « continued until a regimen of oral 
closely until stabilized — usually 15-30 surveillance. antihypertensive medication becomes 


minutes. 


Copyright (€) 1975, 


effective (generally within a few days). 


Fo hein aroreiort Before prescribing HYPERSTAT I.V. Injection, please consult complete product information, 


How to get less 
for your money in 
monitoring equipment.. 









GENERAL É ELECTRIC 


Compact new GE bedside monitor 
features a high-persistence, easily- 
read waveform on a 5-inch display. 
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1. Less signal drift. 


Accurate patient monitoring begins with signal 
capture, and only General Electric offers Daisy!" 
electrodes, recognized by the industry for 
long-term monitoring effectiveness. Silver-silver 
chloride sensing element minimizes offset 
potentials and drift. 


2. Less noise. 


GE's sophisticated signal recognition circuitry 
and artifact rejection separate the signal 

from the noise, presenting meaningful ECG 
complexes and digitally displayed data necessary 
for patient management. 


3. Fewer false alarms. 


Because GE compensates for T waves, noise, and 
shifts in signal level, you're not plagued by false 
alarms. Should a lead fail, you're told just that, 
SO you know it's not a patient problem. 


4. Fewer missed signals. 


Automatic gain control adjusts to the R waves as 
they decrease or increase in size, thus accurate 
heart rates are provided without constant 
adjustment. 
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5. Fewer controls. 


Many functions such as gain control, QRS 
detection, graph recording, and defibrillator 
overload recovery are automatic. Less clutter. 
Fewer adjustments. Easier to operate with 
minimum staff training. 


6. Less chance of misread data. 


Big, bright waveform displays are readable at a 
glance across the room. And large digital 
displays take the guesswork out of multiple 
parameter determinations. 


T. Less service delay. 


GE's monitoring service team is large in number. - 
Nearby when needed. Second to none in | 
promptness and professionalism. And 
periodically updated in efficient servicing 
techniques. 


8. Less capital investment. 


GE's comprehensive leasing and finance plans 
anticipate today's hospital cash-flow 
requirements. No third party financing is 
necessary. The plans offer pay-as-you-use 
alternatives including attractive leasing 
programs with equipment update provisions. 


In monitoring equipment design flexibility...in financing/leasing details... in 
service and maintenance programs...GE is unmatched. We listen. We work 
with you. And we respond. Look for the commitment behind the equipment. 


General Electric Medical Systems, Milwaukee, Toronto, Madrid 





, WIth GE, 


less 
Is more! 
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SHUT CE NAR SEEN a cee phi WENO i. 


ig The place of INDERAL (propranolol 

E hydrochloride) among the standard drugs for the 
— . treatment of disturbed cardiac rhythm has been 
frequently reaffirmed throughout eight years of 
KA clinical use. In fact, after withdrawal of digitalis, 

Ü it may be the treatment of choice for 

-.. digitalis-induced arrhythmias, provided 

. . hypokalemia is not present." 'It has been widely 
| used in selected supraventricular arrhythmias 

| that have proved resistant to digitalis and in 

-—.. tachyarrhythmias precipitated by exercise, 

"- emotional stress, or undesirable sympathetic 

`- stimulation;and it is also effective in controlling 

i supraventricular tachyarrhythmias related to the 
— . Wolff-Parkinson-White syndrome. ? 
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E tachycardias 

E and arrhythmias 

ys 

: due to thyrotoxicosis 

B Although propranolol may accomplish only the 

E reduction of the heart rate in hyperthyroidism, it has 

e proved useful for this purpose. Sinus tachycardia 

4 s in hyperthyroidism which causes symptoms 

d may be relieved by the administration of 
v. propranolol before definitive therapy... The 

| author has observed that atrial fibrillation 

à : complicating hyperthyroidism was easily terminated 

RY using modest doses of propranolol.” 4 
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in the inner cirde o 
Inderal stands ou 






INDERAL-protécts the heart from undesirable 
catecholamine stimulation through its beta blocking 
action. Propranolc: occupies the beta-receptor 
sites, making them unavailable to the beta- 
adrenergic stimulating effects of catecholamines. 
INDERAL is the first beta-adrenergic blocking agent 
in clinical cardiologic use. 


“In paroxysmal atrial tachycardia, the dr 


Dd roxysmal d gen Hi akin aa m. gs also 
Atrial tachycardia valuable in restoring the heart to 


regular sinus rhythm. ? "Paroxysn 
atrial tachycardia induced by « 
ercise...has uniformly be 
prevented by propranolol,” a 
results with INDERAL int 
Wolff-Parkinson-White sy 
drome '...have been favorat 
inall butafew patients reporti 
This condition appears to 
one of the more definite in 
cations for propranolol.” 4 
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of the patient and, in fact, may be 


; persistent sinus a Cli! en parm ote 


san eens - causing symptoms of itself. If the 

jiin TET E clinical situation does not sug- 

E TEE gest a needed compensatory 

HH sinus tachycardia and the heart 

rate is indeed inappropriate, 

treatment with propranolol has 
been successful.” 4 
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In cases of atrial premature beats frequent 
enough that they could herald the onset 
of atrial fibrillation, it has been 
recommended that propranolol be used 
after other measures have 

failed to control the beats.^ 
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should be added when the flutter 
RAA H Ls i iud E 1 ite arene! 6 


atrial H utter “In the presence of atrial flutter, ventricular rate 
is often difficult to control, and, as with an atrial 
is not controlled by digitalis, 
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fibrillation, propranolol hydrochloride 
j EL FETI, 
| py t dd 
c HH EE especially inthe presence of mitral 
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atrial fibrillation MI uo maeaea 


tion. ^In a review of the literature, it 

L[TPEIETTIJ LIT] LII [TT] : A 
E put E "EB | Fn A was noted that most patients with 
IB Hi d i " n ese Hee talis alone experienced slowing 
E m HH EISA BE EH : d ofthe ventricular rate after admin- 
i 5 4 istration of propranolol and a few 


fibrillation not controlled by digi- 
reverted to sinus rhythm. 7 
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and for tachyarrhythmias - Meere 


25:120 (Apr.) 1970. 2. CORDE 


E.K.: Postgrad. Med. 53:10 
of digitalis Intoxication: NE EST IST a 


"Propranolol is very effective in treating Pete Adr TR ROETE 


arrhythmias caused by digitalis excess. Its use Edu Hun Ht Eier HEERE E H cease’: Laboratories, 1971, p. 10. 
in this setting may be limited by the presence of 4 71a bees saute sadne beets totes reese genes Soses ness Satitiit+ 4. Reynolds, E.W.: Geriatrics 
significant congestive heart failure or heart # M tt ELE kensa d 26.150 (Feb.) 1971. 5. Helfant, 
block, both of which can be potentiated by A ae RH- Med. Times 99 CTS Clan) 
propranolol. However, if given in small doses 7 HIE TII dir E ABL! e ei A 
with careful monitoring, it is often of great i SEHUIBSBSCEHUUBIEBESERIbHE Anta VSIOOKddd. Averst 

t: apr. a) Ac*9u 3E Hz Ene.” gic Blockade, Ayerst 

value in the treatment of digitalis toxicity. 5 Laboratories, 1971, p. 7. 

7. Gibson, D., and Sowton, 
E.: Prog. Cardiovasc. Dis. 
12:16 (July) 1969. 


inde al Tablets 10mg., 40mg, 80mg. 
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helps prevent or control ERST ORATOR 
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cardiac arrhythmias Uo uM he lhe 


(See last page of advertisement for prescribing information.) 
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EL BEFORE USING INDERAL [PROPRANOLOL HYDROCHLORIDE), THE 
EL PHYSICIAN SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC 
A Faa OF ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE 
| ACOLOGY OF THIS DRUG. 
















Mis a um -adrenergic receptor blocking drug. possessing no other 
- auto omic nervous system activity It specifically competes with beta-adrenergic 
- receptor stimulating agents for available beta receptor sites. When access to 
j "beta receptor sites is blocked by INDERAL. the chronotropic, inotropic, and 
x 3s0( dilator responses to beta-adrenergic stimulation are decreased propor- 
; ju EJ petu greater than required for beta blockade, INDERAL also exerts a 
quinidine-like or anesthetic-like membrane action which affects the cardiac ac- 
on potential and depresses cardiac function. 
Bena is almost completely absorbed from the gastrointestinal tract, but 
. -a portion is immediately bound by the liver. Peak effect occurs in one to one and 
‘one-half hours. The biologic half-life is approximately two to three hours. There 
n no simple correlation between dose or plasma level and therapeutic effect, 
and the dose-sensitivity range as observed in clinical practice is wide. The prin- 
- €ipal reason for this is that sympathetic tone varies widely between individuals. 
2 Since there is no reliable test to estimate sympathetic tone or to determine 
£ total beta blockade has been achieved, proper dosage requires titration. 
5. Beta receptor blockade is useful in conditions in which, because of 
- pal m: or functional changes, sympathetic activity is excessive or inap- 
opriate and detrimental to the patient. But there are also situations in which 
sim i oat stimulation is vital. For example, in patients with severely damaged 
hee S, adequate ventricular function is maintained by virtue of sympathetic 
ve ich should be preserved. In the presence of AV block, beta blockade 
vet the necessary facilitating effect of sympathetic activity on conduc- 
B. blockade results in bronchial constriction by interfering with 
‘adrenergic bronchodilator activity which shauld be preserved in patients subject 
sm. 
Te proper objective of beta blockade therapy is 10 decrease adverse sym- 
E tic stimulation but not to the degree that may impair necessary sym- 
y, athetic support or vital functional balances. 
Propart exerts its antiarrhythmic effects in concentrations associated 
-adrenergic blockade and this appears to be its principal-antiarrhythmic 
sm of action. The membrane effect also plays a role, particularly, some 
-authonties believe, in digitalis- induced arrhythmias. Beta-adrenergic blockade 
we i unique i importance in the management of arrhythmias due to increased 
of circulating catecholamines or enhanced sensitivity of the hear to 
- catecho amines (arrhythmias associated with pheochromocytoma, thyrotoxicosis, 
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n -Propranolol may reduce the oxygen requirement of the hear at any given 
- of effort by blocking catecholamine-induced increases in hean rate, 
-Sys olic blood pressure, and the velocity and extent of myocardial contraction. 
e other hand, propranolol may increase oxygen requirements by increasing 
e! fv fiber length, end diastolic pressure, and systolic ejection period. 

net physiologic effect of beta-adrenergic blockade in angina is advan- 
pous, it would be expected to manifest itself during exercise by delayed 
of pain due. 10 decreased oxygen requirement. 
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2 1]. praventicular arrhythmias 
} Paroxysmal atrial tachycardias, paricularly those arrhythmias induced 
a P. by catecholamines or digitalis or associated with the Wolff- Parkinson- 
~ White syndrome. (See W-P-W under WARNINGS.) 
c E Persistent sinus tachycardia which is noncompensatory and impairs the 
“ag a adu. of the patient. 
 achycardias and arrhythmias due to thyrotoxicosis when causing dis- 
tess. or increased hazard and when immediate effect is necessary as 
ae rd adjunctive, shon term (2-4 weeks) therapy. 
p HS May be used with, but not in place of, specific therapy (See Thyrotox- 
- icosis under WARNINGS.) 
= m - Persistent atrial extrasystoles which impair the well-being of the pa- 
Be ve -tient and do not respond to conventional measures. — 
— e] Arial flutter and fibrillation when ventricular rate cannot be controlled 
2e op ‘digitalis alone, or when digitalis is contraindicated. 
) Ventricular tachycardias 
-Ventricular arrhythmias- do not respond to propranolol as S predic as do 
the supraventricular arrhythmias. 
al Ventricular tachycardias 
With the exception of those induced by catecholamines or digitalis, 
INDERAL is not the drug of first choice. In critical situations when car- 








- INDERAL may be considered. If, after consideration of the risks in- 
. volved, INDERAL is used, it should be given intravenously in low dosage 


de dioversion technics or other drugs are not indicated or are not effective, 


a — and very slowly. (See DOSAGE AND ADMINISTRATION.) Care in the 
- administration of INDERAL with constant electrocardiographic monitor- — 
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for maintenance of myocardial tone. 

. b] Persistent premature ventricular extrasystoles which do nc! respond to 
conventional measures and impair the well-being af the patient. 

Tachyarthythmias of digitalis intoxication 
If digitalis-induced tachyarrhythmias persist following discontinuance of 
digitalis and correction of electrolyte abnormalities, they are usually rever- 
sible with ora/ INDERAL. Severe bradycardia may occur. (Gee OVER- 
DOSAGE OR EXAGGERATED RESPONSE.) 
Intravenous propranolol hydrochloride is reserved for life-threatening ar- 
rhythmias. Temporary maintenance with oral therapy may be indicated. 
(See DOSAGE AND ADMINISTRATION.) 
Resistant tachyarrhythmias due to excessive catecholamine action 
during anesthesia 
Tachyarrhythmias due to excessive catecholamine action during anesthesia 
may sometimes arise because of release of endogenous catecholamines or 
administration of catecholamines. When usual measures fail in such ar- 
rhythmias, INDERAL may be given intravenously to abolish them. Al! general 
inhalation anesthetics produce some degree of myocardial depression. 
Therefore, when INDERAL is used to treat arrhythmias during anesthesia, it 
should be used with extreme caution and constant ECG «nd central venous 
pressure monitoring. (See WARNINGS.) 
Hypertrophic Subaortic Stenosis 
INDERAL is useful in the management of hypertrophic subaortc stenosis, 
especially for treatment of exertional or other stress-induced angina, palpita- 
tions, and syncope. INDERAL also improves exercise performance. The effective- 
ness of INDERAL in this disease appears to be due to a reduction of the elevated 
outflow pressure gradient which is exacerbated by beta receptor stimulation. 
Clinical improvement may be temporary. 
Pheochromocytoma 
After primary treatment with an alpha-adrenergic blocking agent has been in- 
Stituted, INDERAL may be useful as adjunctive therapy if the centro! o! tachycar- 
dia becomes necessary before or during surgery 

It 1s hazardous to use INDERAL unless alpha-adrenergic bloeking drugs are al- 
ready in use, since this would predispose to serious blood pressure elevation. 
Blocking only the peripheral dilator (beta) action of epinephrine leaves its con- 
strictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is a disadvantage in having both 
beta and alpha blockade since the combination prevents the increase in heart 
rate and peripheral vasoconstriction needed to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may be useful as 
an adjunct to the management of symptoms due to excessive beta receptor 
stimulation. 

CONTRAINDICATIONS: INDERAL is contraindicated in: 1) bronchial asthma: 
2) allergic rhinitis during the pollen season; 3) sinus bradycardia and greater 
than first degree block; 4) cardiogenic shock; 5) right ventricular failure sec- 
ondary to pulmonary hypertension; 6) congestive heart failure ‘see WARNINGS) 
unless the failure is secondary to a tachyarrhythmia treatable with INDERAL; 7) 
in patients on adrenergic-augmenting psychotropic drugs (including MAO inhibi- 
tors), and during the two week withdrawal period from such drugs. 
WARNINGS: CARDIAC FAILURE. Sympathetic stimulation is & vital eomponent 
Supporting circulatory function in congestive heart failure, and inhibition with 
beta-blockade always carries the potential hazard of further depressing myocar- 
dial contractility and precipitating cardiac failure. INDERAL acts-selectively with- 
out abolishing the inotropic action of digitalis on the heart muscle |; e. that of 
supporting the strength of myocardial contractions). However, the inatropic ac- 
tion of digitalis may be reduced by INDERAL'S opposite inotropic effect. The 
effects of INDERAL and digitalis are additive in depressing AV canduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE. continued depression of 
the myocardium over a period of time can, in some cases, lead to cardiac 
failure. In rare instances, this has been observed during INDERAL therapy 
Therefore, at the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized, and the response observed closely: lal if cardiac 
failure continues, INDERAL therapy must be immediately withdrawn; (b) if 
tachyarrhythmia is being controlled, patients should be maintaimed on combined 
dosage and the patient closely followed until threat of cardiac failure is over 

IN PATIENTS WITH CORONARY ARTERY DISEASE AND/OR ANGINA PECTORIS. when 
discontinuance of chronically administered INDERAL is planned, the dosage 
should be gradually reduced over a period of several weeks and the patient 
should continue to be carefully monitored. There have been reparts of exacerba- 
tion of angina and myocardial infarction occurring following abrupt discontinua- 
tion of INDERAL therapy. 

IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects trom long 
term use have not been adequately appraised. Special consideration should be 
given to propranolol’s potential for aggravating congestive heam failure. 
Propranolol may mask the clinical signs of continuing hyperthwoidism or com- 
plications and give a false impression of improvement. Propranolol does not dis- 
tort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have 
been reported in which, after propranolol, the tachycardia was replaced by a 
severe bradycardia requiring a demand pacemaker In one case this resulted 
after an initial dose of 5 mg. propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine re- 
lease for maintenance of adequate cardiac function, beta blockade will impair 
the desired inotropic effect. Therefore, INDERAL should be titrated carefully 
when administered for arrhythmias occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta-blockade impairs the ability 
of the heart to respond to reflex stimuli. For this reason, with the exception of 
pheochromocytoma, INDERAL should be withdrawn 48 hours prior to surgery, at 
which time all chemical and physiologic effects are gone according to available 
evidence. However, in case of emergency surgery, since INDERAL is a competi- 


3. 


4. 


‘tive inhibitor of beta receptor agonists, its effects can be reversed by adminis- 


vation of such agents, e.g. isoproterenol or levarterenol. However, such patients 
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maintaining the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g. CHRONIC 
BRONCHITIS. EMPHYSEMA). INDERAL should be administered with caution since ii 
may block bronchodilation produced by endogenous and exogenous 
catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because ol its beta- 
adrenergic blocking activity, INDERAL may prevent the appearance of premonito- 
ry signs and symptoms (pulse rate and pressure changes) of acute hy- 
poglycemia. Especially important with labile diabetics. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not 

been established. Use of any drug in pregnancy or women of childbearing po- 
tential requires that the possible risk to mother and/or fetus be weighed against 
the expected therapeutic benefit. 
PRECAUTIONS: Patients receiving catecholamine depleting drugs such as 
reserpine should be closely observed if INDERAL is administered. The added 
catecholamine blocking action of this drug may then produce an excessive 
reduction of the resting sympathetic nervous activity Occasionally, the phar- 
macologic activity of INDERAL may produce hypotension and/or marked bra- 
dycardia resulting in vertigo, syncopal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters 
should be observed at regular intervals. The drug should be used with caution in 
patients with impaired renal or hepatic function. 

ADVERSE REACTIONS: Cardiovascular: bradycardia: congestive heart 
failure; intensification of AV block; hypotension; paresthesia of hands: arterial 
insufficiency, usually of the Raynaud type; thrombocytopenic purpura. 

Central Nervous System: lightheadedness; mental depression manifested by 
insomnia, lassitude, weakness, fatigue; reversible mental depression progress- 
ing to catatonia; visual disturbances; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and place, short term memory 
loss. emotional lability, slightly clouded sensorium, and decreased performance 
on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, 
diarrhea, constipation 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined 
with aching and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, throm- 
bocytopenic purpura 

Miscellaneous: reversible alopecia 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with 
severe heart disease, elevated serum transaminase, alkaline phosphatase, lac- 
tate dehydrogenase 
DOSAGE AND ADMINISTRATION: The oral route of administration is 
preferred. 

ORAL 

ARRHYTHMIAS — 10-30 mg. three or four times daily, before meals and at 
bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS — 20-40 mg. three or four times 
daily, before meals and at bedtime. 

PHEOCHROMOCYTOMA — Preoperatively—60 mg. daily i in divided doses 
for three days prior to surgery, concomitantly with an alpha-adrenergic- blocking 
agent. 

— Management of inoperable tumor— 30 mg. daily in divided doses. 
PEDIATRIC DOSAGE 

At this time the data on the use of the drug in this age group are too limited 
to permit adequate directions for use. 

INTRAVENOUS 

Intravenous administration is reserved for life-threatening arrhythmias or 
those occurring under anesthesia. The usual dose is from 1 to 3 mg. adminis- 
tered under careful monitoring, e.g. electrocardiographic, central venous 
pressure. The rate of administration should not exceed 1 mg. (1 cc.) per minute 
to diminish the possibility of lowering blood pressure and causing cardiac 
standstill. Sufficient time should be allowed for the drug to reach the site of ac- 
tion even when a slow circulation is present. If necessary, a second dose may 
be given after two minutes. Thereafter, additional drug should not be given in 
less than four hours. Additional INDERAL should not be given when the desired 
alteration in rate and/or rhythm is achieved. 

Transference to oral therapy should be made as soon as possible. - 
OVERDOSAGE OR EXAGGERATED RESPONSE 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE 
FOLLOWING MEASURES SHOULD BE EMPLOYED: BRADYCARDIA — AD- 
MINISTER ATROPINE (0.25 to 1.0 mg.): IF THERE IS NO RESPONSE TO 
VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE— DIGITALIZATION AND DIURETICS 

HYPOTENSION — VASOPRESSORS, e.g. LEVARTERENOL OR EPINEPHRINE 
(THERE IS EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE) — 

BRONCHOSPASM —ADMINISTER ISOPROTERENOL ANO 
AMINOPHYLLINE 
HOW SUPPLIED: INDERAL (propranolol hydrochloride) TABLETS 
No. 461— Each tablet contains 10 mg. of propranolol hydrochloride, in. bottles 
of 100 and 1,000. Also in unit dose package of 100. 

No. 464 — Each tablet contains 40 mg. of propranolol hydrochloride, in bottle 
of 100 and 1,000. Also in unit dose package of 100. 

No. 468 — Each tablet contains 80 mg. of propranolol hydrochloride, in bottles 
of 100 and 1,000. Also in unit dose package of 100. 

INJECTABLE 

No. 3265 — Each cc. contains 1 mg. of propranolol hydrochloride in Water for 
"iari The pH is adjusted with citric acid. Supplied as. | cc. ampuls in 
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Blood Pressure Recorder. — 


Smaller, lighter compact one-piece unit weighs 25 ounces. 

. The Remler patented Ambulatory Blood Pressure Rec 
_ has been in use for more than ten years by leading physician 
. research institutions throughout the world. 
- — Now, by miniaturizing circuits and components, we have 
.. duced a smaller and easier to wear single-unit version that w 

only 25 ounces. 
This new Model M-2000 records blood pressures durin 
" wearer’s working or leisure day. Wearing this unobtrusive, 
weight device on a belt, any patient can easily record | 
pressure data onto the micro-cassette as many as fifty 
- daily. This method eliminates the pressor effect of an obse 
. presence. 
-.— The Remler system is especially useful in determining th 
— .— cacy of medication in the treatment of hypertension. 


7 (€ AJC-3-76 


Since 1918 » Precision in Electronics 
280 Visitacion Mall « Brisbane, California 94005 USA «+ (415) 468-3431 


E Please send me complete details on the new 
d Remler M-2000 Ambulatory Blood Pressure Recorder. 


Eas: A 


Address 








Identifying your patient at risk 
of thromboembolic complications 


While every MI patient is not a candidate for oral anti- 
coagulation therapy, a history of previous infarct or 
- angina, persistent atrial fibrillation or congestive fail- 
ure, severe hypotension or shock or serious ar- 
rhythmia may increase risk of thromboembolic 
complications. 

In addition, certain procedures often place your 
surgical patient, particularly if he's over 40 years of 
age, in the high risk category— cup arthroplasty or 
pelvic surgery, heart valve replacement, reparative 
- vascular surgery. 

Your geriatric patient, too, is at high risk of throm- 
boembolism if he's suffered a fracture—especially 
of the hip, pelvis or a lower extremity— or if his history 
includes venous insufficiency. 

For any of these individuals, obesity, previous 
episodes of venous thrombosis or pulmonary em- 
bolism and a future including prolonged bed rest all 
increase the risk of thromboembolic complications, 
and make him a candidate for oral anticoagulation. 


ZOUMADIN® is an Endo U.S. registered trademark. 


Laboratory monitoring 


For every patient receiving COUMADINS (crystalline 
sodium warfarin), frequent laboratory monitoring is a 
key to effective therapy. Determine prothrombin time 
daily until results stabilize in the therapeutic range 
— 112 to 2¥2 times normal. Individualize dosage and 
administration as indicated by prothrombin time re- 
sults. Determine subsequent prothrombin times pe- 
riodically throughout the course of therapy. 


Educating your patient 


Because a patient is generally more reliable if he 
understands his condition and his medication, he 
should be made aware of the factors that may influ- 
ence his prothrombin time and, therefore, his re- 
sponse to COUMADIN*— dietary change, travel, 
other medication, change in physical condition and 
abrupt environmental change. What's more, he 
should know the importance of regularly taking the 
exact dosage of COUMADIN® prescribed and of 
keeping every appointment with you and with the 
laboratory. 


PENES Um EUER: 
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Therapeutic principles 
put into practice 


COUMADIN 


(CRYSTALLINE SODIUM WARFARIN’ 


INDICATIONS Based on a review of this drug by the National Academy of Sciences- National 
Research Council and/or other information, FDA has classified the indications as follows: 

Effective: COUMADIN® is indicated for the prophylaxis and treatment of venous thrombosis and 
its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and treatment 








of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 
"Possibly effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation. 





CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical condition or 
personal circumstance in which the hazard of hemorrhage might be greater than its potential clinical 
benefits, such as: 


Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated surgery of: (1) central nervous 
system; (2) eye; (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies associated 
with active ulceration or overt bleeding of: (1) gastrointestinal, genitourinary or respiratory tracts; (2) 
cerebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta; (4) pericardial effusions; (5) 

Y subacute bacterial endocarditis. Threatened abortion, eclampsia and preeclampsia. Inadequate labora- 
tory facilities or unsupervised senility, alcoholism, psychosis; or lack of patient cooperation. Miscella- 
neous: polyarthritis, vitamin C deficiency, major regional and lumbar block anesthesia. 


WARNINGS Sodium warfarin is a potent drug with a half-life of 2 days; therefore its effects may become 
more pronounced as daily maintenance doses overlap. It cannot be emphasized too strongly that treatment 
of each patient is a highly individualized matter. Dosage should be controlled by periodic determinations of 
prothrombin time or other suitable coagulation tests. Determinations of whole blood clotting and bleeding 
times are not effective measures for control of therapy. Heparin prolongs the one-stage prothrombin time. 
Therefore, to obtain a valid prothrombin time when heparin and COUMADIN® are given together, a period 
of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 hours after the last subcutaneous 
dose of heparin, before blood is drawn. 


Caution should be observed when sodium warfarin is administered in any situation or physical condition 
where added risk of hemorrhage is present. 


Administration of anticoagulants in the following conditions will be based upon clinical judgment in which 
the risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in untreated 
cases. The following may be associated with these increased risks: 


Pregnancy- COUMADIN” passes through the placental barrier, and the danger of hemorrhage to the fetus 
exists even to the point of fatal hemorrhage in utero, even in the accepted therapeutic range of maternal 
prothrombin level. Close observation and laboratory control are essential. The newborn may be particularly 
sensitive to sodium warfarin. There have been reports of birth malformations in children born to mothers 
who have been treated with warfarin during the first trimester of pregnancy. Whether warfarin was in fact 
the responsible agent has not been established. Therefore, women of childbearing potential who are can- 
didates for anticoagulant therapy should be carefully evaluated and the indications critically reviewed. If 
COUMADIN* must be used during pregnancy, or if the patient becomes pregnant while taking this drug, 
the patient should be apprised of the potential risks to the fetus, and the possibility of termination of the 
pregnancy should be discussed in light of those risks. Lactation -coumarins may pass into the milk of 
mothers and cause a prothrombinopenic state in the nursing infant. Prolonged dietary deficiency 
(cachexia, vitamin K). Severe to moderate hepatic or renal insufficiency. Infectious diseases or distur- 
bances of intestinal flora-sprue, antibiotic therapy. Trauma which may result in internal bleeding. 
Surgery or trauma resulting in large exposed raw surfaces. Indwelling catheters. Spinal puncture. Severe 
to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis, severe diabetes, menometror- 
rhagia, allergic and anaphylactic disorders. 


Patients with congestive heart failure may become more sensitive to COUMADIN" , thereby requiring more 
frequent laboratory monitoring, and reduced doses of COUMADIN® . 


Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually over three to 
four weeks 


gesimo Periodic determination of prothrombin time or other suitable coagulation test is essen- 
tial. 


Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 
state and medication may influence response of the patient to anticoagulants. It is generally good prac- 
lice to monitor the patient's response with additional prothrombin time determinations in the period 
immediately after discharge from the hospital, and whenever other medications are initiated, discon- 
tinued or taken haphazardly. The following factors are listed for your reference; however, other factors 
may also affect the prothrombin response. 


The following factors, alone or in combination, may be responsible for increased prothrombin time 
response: 


ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea; elevated temper- 
ature; hepatic disorders- infectious hepatitis, jaundice; poor nutritional state: vitamin K deficiency-stea- 
torrhea. 


EXOGENOUS FACTORS: Alcoholf; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; brome- 
lains; chloral hydratet; chlorpropamide; chymotrypsin; cinchophen; clofibrate; COUMADIN* overdosage: 
dextran; dextrothyroxine; diazoxide; dietary deficiencies; diureticst; disulfiram; drugs affecting blood ele- 
ments; ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; mefenamic 
acid; methylphenidate; monoamine oxidase inhibitors; nalidixic acid; oxyphenbutazone; phenylbutazone; 
phenyramidol; prolonged hot weather; prolonged narcotics; quinidine; quinine; salicylates (in excess of 1 
Gmiday); sulfinpyrazone; sulfonamides, long acting; thyroid drugs; tolbutamide; triclofos sodium; unreli- 
able prothrombin time determinations. 


Increased and decreased prothrombin time responses have been reported. 


The following factors, alone or in combination, may be responsible for decreased prothrombin time 
response: 


ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; hyperlipe- 
mia; hypothyroidism. 


*Present as crystalline sodium warfarin isopropanol clathrate. 


Licensed by Wisconsin Alumni Research Foundation. 
US Pat-Na 3 077 481 (Reissue No 25 ARA 
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EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt; antacids; antihistamines; barbiturates; chic 
hydratet; chlordiazepoxide; cholestyramine; COUMADIN® underdosage; diet high in vitamin K (vegetab 
fish, fish oil, onions); diureticst; ethchlorvynol; glutethimide; griseofulvin; haloperidol; meprobamate; t 
contraceptives; paraldehyde; primidone; rifampin; unreliable prothrombin time determinations; vam 


tIncreased and decreased prothrombin time responses have been reported. 


A patient may be exposed to a combination of the above factors, some of which may increase and so 
decrease his sensitivity to COUMADIN® . Because the net effect on his prothrombin time response may 
unpredictable under these circumstances, more frequent laboratory monitoring is advisable. 


Drugs not yet shown to interact or not to interact with coumarins are best rega ded with suspicion, 
when their administration is started or stopped, the prothrombin time should be determined more of 
than usual. 


Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and tolbutam 
and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the body as a result of ir 
ference with either their metabolism or excretion. 


ADVERSE REACTIONS Potential side effects of COUMADIN* (crystalline sodium warfarin) include: 


1. Minor or major hemorrhage from any tissue or organ-which is an extension of the physiologic activity 
prothrombinopenia. The signs and symptoms will vary according to the location and degree or extent of 
bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the condition of 
anticoagulated patient with complaints which do not indicate an obvious diagnosis. Bleeding dur 
anticoagulant therapy does not always correlate with prothrombin activity. (See ` TREATMENT FOR OV 
DOSAGE.) 


Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diagnos 
investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer etc. 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, fe 
nausea, diarrhea, abdominal cramping, a syndrome called ‘‘purple toes, ' hypersensitivity reactions and 
extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin, 


DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagulation 
clotting mechanism to such an extent that thrombosis will not occur, but at the same time avoiding st 
extensive impairment as might produce spontaneous bleeding. Effective therapeutic levels with minir 
complications can best be achieved in cooperative and well-instructed patients, who keep the doc 
informed of their status between visits. COUMADIN® patient aids are available to physicians on request. 


The administration and dosage of COUMADIN* must be individualized for each patient according to 
particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrombin ti 
reflects the depression of vitamin K-dependent factors, namely Factors VII, IX, X and II, the factors affec 
by coumarin anticoagulants. There are several modifications of the Quick one-stage prothrombin time i i 
the physician should become familiar with the specific method used in his laboratory. 


Administration of COUMADIN® should be gauged according to prothrombin time determinations by a 
able method. The blood prothrombin time should usually be determined daily after the administration of 
initial dose until prothrombin time results stabilize in the therapeutic range. Intervals between subsequ 
prothrombin time determinations should be based upon the physician's judgment of the patient's reliabi 
and response to warfarin in order to maintain the individual within the therapeutic range. Acceptable ir 
vals for prothrombin time determinations have usually fallen within the range of one to four weeks. S; 
factory levels for maintenance of therapeutic prothrombinopenia are 1% to 2% times the nori 
prothrombin time (e.g. 21 to 35 seconds, with a control of 14 seconds). 


Induction—40 to 60 mg for average adult or 20 to 30 my for elderly and/or debilitated patients for one di 
only administered orally, intravenously or intramuscularly. 


Maintenance- Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility of dos; 
is provided by breaking scored tablets in half. The individual dose and interval should be gauged by 
patient's prothrombin response. 


Duration of therapy- The duration of therapy in each patient should be individualized. In general, i 
coagulant therapy should be continued until the danger of thrombosis and embolism has passed. 


Treatment during dentistry and surgery- The management of patients who undergo dental and surg 
procedures requires close liaison between attending physicians, surgeons and dentists. Interruptior 
anticoagulant therapy may precipitate thromboembolism, and conversely, if anticoagulants are maintai) 
at full doses, some patients may hemorrhage excessively. If it is elected to administer anticoagulants p 
to, during, or immediately following dental or surgical procedures, it is recommended that the dosagt 
COUMADIN® be adjusted to maintain the prothrombin time at approximately 12 to 2 times the con 
level. The operative site should be sufficiently limited to permit the effective use of local procedures fol 
mostasis including absorbable hemostatic agents, sutures, and pressure dressings if necessary. Un 
these conditions dental and surgical procedures may be performed without undue risk of hemorrhage. : 


COUMADIN* with Heparin-Since a delay intervenes between the administration of the initial dose and 
therapeutic prolongation of prothrombin time, it may be advisable in situations of great emergency 
administer sodium heparin initially along with COUMADIN . The initial dose of heparin and injecté 
COUMADIN may be administered together in the same syringe. It should be noted that heparin may af 
the prothrombin time; and therefore, when patients are receiving both heparin and COUMADIN" , the bli 
sample for prothrombin time determination should be drawn just prior to the next heparin dosage, i 
preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the last subcutane! 
injection. 


TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is readily | 
trolled by discontinuing COUMADIN” (crystalline sodium warfarin), and if necessary, the oral or parent 
administration of vitamin Kx. The appearance of microscopic hematuria, excessive menstrual bleed 
melena, petechiae or oozing from nicks made while shaving are early manifestations of hypoprothi 
binemia beyond a safe and satisfactory level. 


In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of COUMAD 
may suffice; and if necessary, small doses of vitamin K: orally, 2.5 to 10 mg, will usually correct 
problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin K: in doses of 5 to 25 mg may be gi 
parenterally. (Please note recommendations accompanying vitamin K preparations prior to use.) 


Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombinopt 
states unresponsive to vitamin Kı. 


Resumption of COUMADIN® administration reverses the effect of vitamin K:, and a therapeutic h 
prothrombinemia level can again be obtained. 


SUPPLIED Tablets: COUMADIN" (crystalline sodium warfarin). For oral use, single scored, imprir 
numerically with potency as follows: 2 mg lavender, 2%2 mg orange, 5 mg peach, 7% mg yellow, 10 
white, 25 mg red. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister package of 100 


Injection: Available as single injection units of amorphous sodium warfarin lyophilized for intravenous 
intramuscular use in a box of 6 units. 50 mg: Unit consists of 1 vial, 50 mg; sodium chloride, 10 i 
thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide, accompanied by a 2 ml ampul Sterile Water 
Injection. 75 mg: Unit consists of 1 vial, 75 mg; sodium chloride, 15 mg; thimerosal, 0.3 mg. pt 
adjusted with sodium hydroxide, accompanied by a 3 ml ampul Sterile Water for Injection. 

Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for intrava 


lar injection without first having been made approximately isotonic by the addition of a suitable solute. 
only for reconstitution of the lyophilized product. Rev. April, 16 


€ndo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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announcing publication of 
MECHANISMS OF 
CONTRACTION OF THE 
- NORMAL AND FAILING 
HEART 














By Eugene Braunwald, M.D., Harvard Medical 
School, John Ross, Jr., M.D., University of Cali- 
fornia, San Diego, School of Medicine, and Edmund 
H. Sonnenblick, M.D., Albert Einstein College of 
Medicine at Yeshiva University 


The new edition of this classic work on cardiac 
contraction presents comprehensive and thoroughly 
updated discussions on excitation-contraction 
coupling, muscle mechanics, myocardial energetics, 
and the biochemical basis of heart failure. New to 
this edition are chapters on ischemia, control of 
coronary blood flow, and the utilization of concepts 
of muscle mechanics in the clinical assessment of 
ventricular function. Because of the increased 
recognition of the interdependence between the 
heart and the vascular bed, descriptions of the heart 
and circulatory apparatus are fully integrated 
through a series of closely related interpedendent 
chapters. 


417 pages, illustrated. #106860, $24.50 
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ORDER NOW 


Little, Brown and Company [] Check enclosed. 
Medical Division B 

34 Beacon Street 

Boston, Massachusetts 02106 — Address. 


O Bill me. 


Name 





Please send me copies City 
of Braunwald, Ross, & Sonnen- 
blick’s MECHANISMS OF State. — — Zip 
CONTRACTION OF THE 





NORMAL AND FAILING HEART, 
2nd Edition, #106860 @ $24.50 
on 30-day approval. 


In Canada, order from J. B. Lippincott 
of Canada, Ltd., 75 Horner Ave., 
Toronto, Ontario M8Z 4X7 CANADA. 


In U.S., publisher pays postage and handling if check accompanies 
order. Please add sales tax if applicable. 
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KAY CIEL* KAY CIEL* 
(potassium chloride) (potassium chloride) 
ELIXIR POWDER 
1096 Solodose* 
DESCRIPTION: DESCRIPTION: 
Each 15 ml. (tablespoonful) Each Solodose packet 


contains: 

Potassium Chloride ........ 1.5 g. 
(supplying 20 meq.) 

flavored. Contains no sugar. 


contains: 

Potassium Chloride ........ 1.550. 
(supplying 20 meq.) 

Alcohol 4% 

in a palatable base. Contains 
no sugar. 


INDICATIONS: Treatment and prevention of potassium deficiency 
occurring especially during thiazide diuretic or corticosteroid ther- 
apy, digitalis intoxication, low dietary intake of potassium, or as a 
result of excessive vomiting and diarrhea and for correction of 
associated hypochloremic alkalosis. 


CONTRAINDICATIONS: Impaired renal function, untreated Addi- 
son's Disease, dehydration, heat cramps and hyperkalemia. 


WARNINGS: Do not use excessively. 


PRECAUTIONS: Administer with caution and adjust to the require- 
ments of the individual patient. The patient should be checked 
frequently and periodic ECG and/or plasma potassium levels made. 
Use with caution in patients with cardiac disease. In hypokalemic 
states, attention should be directed toward the correction of the 
frequently associated hypochloremic alkalosis. Patients should be 
cautioned to adhere to dilution instructions. 


ADVERSE REACTIONS: Potassium intoxication indicated by list- 
lessness, mental confusion, paresthesia of the extremities, weak- 
ness of the legs, flaccid paralysis, fall in blood pressure, cardiac 
depressicn, arrhythmias, arrest and heartblock. Vomiting, nausea, 
abdominal discomfort and diarrhea may occur. 


DOSAGE AND ADMINISTRATION: Elixir: One tablespoonful (15 
ml. supplying 20 meq.) diluted in 4 ounces of water or fruit juice 
twice daily (preferably after a meal), or as directed by physician. 
Powder: Contents of 1 packet dissolved in 4 ounces of water or 
fruit juice twice daily (preferably after a meal), or as directed by 
physician. 


OVERDOSAGE: In case of excessive use resulting in hyperkalemia 
or potassium intoxication, discontinue use of potassium chloride 
administration or take other steps to lower serum levels if indicated. 


HOW SUPPLIED: Elixir: In bottles of: 473 ml. (16 fl. oz.) 
... NDC 0041-0143-16. 3785 ml. (128 fl. oz.) ... NDC 0041-0143-28. 
Powder: In boxes of: 30 Solodose packets... NDC 0041 -0144-30. 
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Cooper Laboratories, Inc. 
Wayne, New Jersey 07470 
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aces more than just potassium 


uations, ed. 2, Publishing Sciences York, McGraw-Hill Book Company, 1974, p. 441. 
on, Mass., 1973, p. 184. 3. Welt, L.G., in Goodman, L.S., and Gilman, A. (Eds.): 
4., in Wintrobe, M.M. et al. (Eds): The Pharmacological Basis of Therapeutics, ed. 4, 
edicine, ed. 7, New NewYork, TheMacmillan Company, 1970, pp. 798-799. 


NOW AVAILABLE... 


THE 
AMERICAN JOURNAL 
OF CARDIOLOGY 


YEAR 


CUMULATIVE 
INDEX LESER 


Covers all material published in THE AMERICAN 
JOURNAL OF CARDIOLOGY from January 1968 
through December 1972. 





e CLINICAL STUDIES 

e EXPERIMENTAL STUDIES 
e SYMPOSIA 

e REPORTS ON THERAPY 

e REVIEWS 

e SEMINARS 

e CASE REPORTS 

e DIAGNOSTIC SHELF 

e HISTORICAL MILESTONES 


Includes Author Index —and — Subject Index 
All subjects are cross indexed for quick and easy reference 


* There is a limited supply of the 10 Year Cumulative Index 
available — January 1958 through December 1967 — Price 
$10.00. While supply lasts order both for only $15.00. 


Please use order form below 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P.O. Box 1172, Radio City Station, New York, N.Y. 10019 


Send me THE AMERICAN JOURNAL OF CARDIOLOGY 
Cumulative Index or Indexes as checked below. 


] Enclosed is my check for $8 for 
5 YEAR CUMULATIVE INDEX 1968-1972 


[] Enclosed is my check for $10 for 
10 YEAR CUMULATIVE INDEX 1958-1967 


[] Enclosed is my check for $15 for both 
the 5 and 10 YEAR CUMULATIVE INDEXES 


Name 


Address SEN 


City = z State Zip. 


Please add appropriate sales tax if in New York State 














Peritrute SA sustained Action 


(pentaerythritol tetranitrate) 80mg 


CAUTION: Federal law prohibits dispensing 
without prescription. 

Description: Each tablet of Peritrate SA 
Sustained Action contains: pentaerythritol 
tetranitrate 80 mg (20 mg in immediate 
release layer and 60 mg in sustained release 
base). Peritrate* (pentaerythritol tetrani- 
trate) is a nitric acid ester of a tetrahydric 
alcohol (pentaerythritol). 


Indications: Based on a review of this drug 
by the National Academy of Sciences 
National Research Council and/or other 
information, FDA has classified the indica- 
tions as follows: 

Possibly" effective: Peritrate (penta- 
erythritol tetronitrate), is indicated for the 
relief of angina pectoris (pain associated 
with coronary artery disease). It is not 
intended to abort the acute anginal 
episode but it is widely regarded as use- 
ful in the prophylactic treatment of angina 
pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 


Contraindications: Peritrate SA Sustained 
Action (pentaerythritol tetranitrate) 80 mg is 
contraindicated in patients who have a history 
of sensitivity to the drug. 

Warning: Data supporting the use of Peritrate 
(pentaerythritol tetranitrate) during the 

early days of the acute phase of myocardial 
infarction (the periodduring which clinical 
and laboratory findings are unstable) are 
insufficient to establish safety. 

This drug.can act as a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents. 
Precautions: Should be used with caution in 
patients who have glaucoma. Tolerance to 
this drug, and cross-tolerance to other nitrites 
and nitrates may occur. 

Adverse Reactions: Side effects reported to 
date have been predominantly related to rash 
(which requires discontinuation oft medication) 
and headache and gastrointestinal distress, 
which are usually mild and transient with con- 
tinuation of medication. In some cases severe 
persistent headaches may occur. 

In addition, the following adverse reactions 
to nitrates such as pentaerythritol tetranitrate 
have been reported in the literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and 
weakness, as well as other signs of 
cerebral ischemia associated with 
postural hypotension, may occasionally 

: develop. 

(c) An occasional individual exhibits marked 
sensitivity to the hypotensive effects of 
nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur, 
even with the usual therapeutic doses. 
Alcohol may enhance this effect. 

Dosage: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg (b.i.d. on 
an empty stomach), | tablet immediately on 
arising and | tablet 12 hours later. Tablets 
should not be chewed. 

Supplied: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg, double 
layer, biconvex, dark green/light green tablets 
in bottles of 100 (N 0047-0004-51) and 1000 

(N 0047-0004-60). Also in unit dose — package 
of 10 x 10 strips (N 0047-0004-11). 

Additional Dosage Forms: Peritrate 20 mg — 
light green, scored tablets in bottles of 100 

(N 0047-0001-51) and 1000 (N 0047-0001-60). 
Also in unit dose — package of 10 x 10 strips 

(N 0047-0001-11). Peritrate 10 mg — light green, 
unscored tablets in bottles of 100 (N 0047- 
0007-51) and 1000 (N 0047-0007-60). 

Full information is available on request. 
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" o For over 22 years, Peritrate" has been 

| considered by many physicians as one 
of the top defensive measures for 
patients with angina pectoris. In many 
patients Peritrate used prophylactically 
helps decrease the frequency and sever- 
ity of angina attacks.* With minimal 

side effects. 


Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 


LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 


Peritrate SA 


Sustained Action 
(pentaerythritol tetranitrate) 80mg 


Warner/ Chilcott 


Div. Warner-Lambert Company 
Morris Plains, N.J. 07950 
PE-GP-51 


The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20'feet thick, 
helped defend China from the attack of 
Mongol hordes for more than 2,000 years. 


*The drug has been evaluated as possibly 
effective for this indication. 
See brief summary. 





The new 
MULITSCRIPTOR EK 33 


Powerful, even with compact design, this instrument of today meets 
already the requirements of tomorrow. MULTISCRIPTOR EK 33, 
the new 3-channel ECG recorder, no compromises. 


e New concept of mains- and battery operation. 

e Thermo-reactive recording system with writing width of 
40 mm/channel, excellent resolution of "R-wave". 

è Electronic lead selection and calibration in 4 steps. 

@ Patient safety in compliance with international standards. 


MULTISCRIPTOR EK 33, the compact light-weight (8,1 kg) ECG-recorder. 
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The Lasix” site of action is a dis- 
tinctive advantage—for it results in 
fewer electrolytes in each liter of urine 
than with other commonly used diu- 
retics.'? That is why, if you control urine 
volume through individual dosage ad- 
justment, you may face fewer problems 
with electrolyte disturbances.? As with 
any diuretic, electrolyte depletion can 
occur during therapy with furosemide. 
Careful clinical and laboratory observ- 
ations are advisable. 


The primary site of Lasix® action—at the loop 
of Henle—distinguishes Lasix from other commonly 
used diuretics. The action at this site enables Lasix 
to produce a dilute urine,^ which may be the basis 
for its relative freedom from electrolyte disturbances 
(hypokalemia).? When the edematous patient has 
been stabilized, excessive diuresis can usually be 


avoided by simple dosage adjustment. And, 
through regulation of urine volume by this dosac 
adjustment, you can control electrolyte excretior 
Careful medical supervision is required. 


Wide dose-related effectiveness for 
precise control of diuretic response. The 
Lasix? effect is dose-related. A prompt diuresis 
usually ensues with a single dose of 20 to 80 mg, 
given preferably in the morning. Depending on the 
patient's response, a second dose may be admin- 
istered 6 to 8 hours later. Clinical and laboratory 
observations are advisable when doses exceeding 
80 mg/day are given for prolonged periods. When 
maintenance of the edema-free state is desired, 
dosage may be adjusted to as low as 20 mg. 

(Please see the dosage and administration 
section on the last page of this advertisement.) 


Highly effective/short acting. The 
effectiveness of Lasix® has been clearly establishec 
in hundreds of thousands of patients in a decade o 
clinical experience. Consequently, Lasix is the 
most selected diuretic agent today in the treatmen 
of edemas associated with congestive heart failure 


because fewer electrolytes 

get into each liter of 

urine than with other commonly 
used diuretics... 


LASIX irurosemme) 


the diuretic for both 
initial & maintenance 


therapy 


in cardiac edema 








The onset of diuresis usually occurs within an - 


hour and is usually complete within 6 to 8 hours; 
thus, patient inconvenience is minimized. 


: Usefulin patients with renal impair- 
ment and severely depressed renal func- 
tion. Unlike other commonly used diuretics, Lasix® 
can be useful in patients with renal impairment 
and severely depressed renal function. Even in the 
presence of renal insufficiency with depressed 
glomerular filtration, acidosis, alkalosis or hypo- 
albuminemia, Lasix has been found effective and 
well tolerated.? If increasing azotemia and oliguria 
occur during treatment of severe progressive renal 
disease, the drug should be discontinued. 

(See next page for prescribing information.) 





References: 1. Peltola, P.: Furosemide (Lasix&) as a diuretic, Acta Medica 
Scandinavica, 177:6, 1965. 2. Mudge, G.H., in Goodman, L.S. and Gilman, 
A. (eds.), The Pharmacological Basis of Therapeutics, 4th ed., 1970, p. 852. 
3. Manner, R.J., Brechbill, D.O., and DeWitt, Karen: Prevalence of hypo- 
kalemia in diuretic therapy, Clin. Med. 79:19, November 1972. 4. Schrier, 
R.W., et al.: Effect of furosemide on free water excretion in edematous 
patients with hyponatremia, Kidney Int. 3:30, 1973. 5. Muth, R.G.: Diuretic 
je tie to furosemide in the presence of renal insufficiency, J.A.M.A. 
195:1066, March 1966. 


the basic unit 


LASIX 40 tablets 


(FUROSEMIDE) = 
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unsurpassed effectiveness P 
for prompt reduction V 
of edema 24 
the adjuster unit = 


LASIX 905... 
(FUROSEMIDE) 


convenient dosage adjustment 
for maintenance therapy 
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WARNING -Lasix& (furosemide) is a potent diuretic which if given in ex- 
cessive amounts can lead to a profound diuresis with water and electro- 
nne depletion. Therefore, careful medical supervision is required, and 
ose and dose schedule have to be adjusted to the individual patient's 
needs. (See under “DOSAGE AND ADMINISTRATION.") 
DESCRIPTION—Lasix is an anthranilic acid derivative. Chemically, it is 
4-chloro-N-furfuryl-5-sulfamoylanthranilic acid. 
INDICATIONS—Lasix is indicated for the treatment of the edema associ- 
ated with congestive heart failure, cirrhosis of the liver, and renal disease, 
including the nephrotic syndrome. Lasix is particularly useful when an 
agent with greater diuretic potential than that of those commonly employed 
is desired. 

Hypertension—Lasix may be used for the treatment of hypertension 
alone or in combination with other antihypertensive drugs. Hypertensive 
patients who cannot be adequately controlled with thiazides will probably 
also not be adequately controllable with Lasix alone. 
CONTRAINDICATIONS—Because animal reproductive studies have shown 
that Lasix (furosemide) may cause fetal abnormalities, the drug is con- 
traindicated in women of childbearing potential. 

Lasix is contraindicated in anuria. If increasing azotemia and oliguria 

occur during treatment of severe progressive renal disease, the drug should 
be discontinued. In hepatic coma and in states of electrolyte depletion, 
therapy should not be instituted until the basic condition is improved or 
corrected. Lasix is contraindicated in patients with a history of hypersen- 
sitivity to this compound. 
WARNINGS—Excessive diuresis may result in dehydration and reduction 
in blood volume, with circulatory collapse and witn the possibility of vas- 
cular thrombosis and embolism, particularly in elderly patients. Excessive 
loss of potassium in patients receiving digitalis glycosides may precipitate 
digitalis toxicity. Care should also be exercised in patients receiving potas- 
sium depleting steroids. 

Frequent serum electrolyte, CO; and BUN determinations should be per- 
formed during the first few months of therapy and periodically thereatter, 
and abnormalities corrected or the drug temporarily withdrawn. 

In patients with hepatic cirrhosis and ascites, initiation of therapy with 
Lasix (furosemide) is best carried out in the hospital. Sudden alterations 
of fluid and electrolyte balance in patients with cirrhosis may precipitate 
hepatic coma; therefore, strict observation is necessary during the period of 
diuresis. Supplemental potassium chloride and, if required, an aldosterone 
antagonist are helpful in preventing hypokalemia and metabolic alkalosis. 

As with many other drugs, patients snould be observed regularly for the 
possible occurrence of blood dyscrasias, liver damage, or other idiosyn- 
cratic reactions. s 

In those instances where potassium supplementation is required, an 
oral liquid preparation should be used rather than enteric-coated potas- 
sium salts. i 

There have been several reports, published and unpublished, concern- 
ing nonspecific small-bowel lesions consisting of stenosis, with or without 
ulceration, associated with the administration of enteric-coated thiazides 
with potassium salts. These lesions may occur with enteric-coated potas- 
sium tablets alone or when they are used with nonenteric-coated thia- 
zides, or certain other oral diuretics. 

These small-bowel lesions have caused obstruction, hemorrhage, and 
perforation. Surgery was frequently required, and deaths have occurred. 

Available information tends to implicate enteric-coated potassium salts, 
although lesions of this type also occur spontaneously. Therefore, coated 
potassium-containing formulations should be administered only when indi- 
cated, and should be discontinued immediately if abdominal pain, disten- 
tion, nausea, vomiting, or gastrointestinal bleeding occurs. 

Patients with known sulfonamide sensitivity may show allergic reac- 

tions to Lasix. 
PRECAUTIONS—As with any potent diuretic, electrolyte depletion may 
occur during therapy with Lasix, especially in patients receiving higher 
doses and a restricted salt intake. Electrolyte depletion may manifest itself 
by weakness, dizziness, lethargy, leg cramps, anorexia, vomiting, and/or 
mental confusion. 

In edematous hypertensive patients being treated with antihypertensive 
agents, care should be taken to reduce the dose of these drugs when 
Lasix is administered, since Lasix potentiates the hypotensive effect of 
antihypertensive medications. 

Asymptomatic hyperuricemia can occur and gout may rarely be pre- 
cipitated. Reversible elevations of BUN may be seen. These have been 
observed in association with dehydration, which should be avoided, par- 
ticularly in patients with renal insufficiency. 

When parenteral use of Lasix precedes its oral use, it should be kept in 
mind that cases of tinnitus and reversible hearing impairment have been 
reported. There have also been some reports of cases in which irrever- 
sible hearing impairment occurred. Usually, ototoxity has been reported 
when Lasix was injected rapidly in patients with severe impairment of 
renal function at doses exceeding several times the usual recommended 
dose and in whom other drugs known to be ototoxic were often given. 
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LASI 
(FUROSEMIDE) 


logical long-term diuretic therapy 
for cardiac edema 


AO mg and 
20 mg tablets 





creases in blood glucose, and alterations in glucose tolerance tests w 
abnormalities of the fasting and two-hour postprandial sugar have be 
—Ó and rare cases of precipitation of diabetes mellitus have be 
reported. 

Lasix& (furosemide) may lower serum calcium levels, and rare cases 
tetany have been reported. Accordingly, periodic serum calcium lev 
shouid be obtained. i 
. Patients receiving high doses of salicylates, as in rheumatic diseas 
in conjunction with Lasix may experience salicylate toxicity at lower do: 
because of competitive renal excretory sites. . 

It has been reported in the literature that diuretics such as furosem 
may enhance the nephrotoxicity of cephaloridine. Therefore, Lasix a 
cephaloridine should not be administered simultaneously. 

Suifonamide diuretics have been reported to decrease arterial resp 

siveness to pressor amines and to enhance the effect of tubocurari! 
Great caution should be exercised in administering curare or its deri 
tives to patients undergoing therapy with Lasix, and it is advisable to c 
continue Lasix for one week prior to any elective surgery. 
ADVERSE REACTIONS—Various forms of dermatitis, including urtica 
and rare cases of exfoliative dermatitis, erythema multiforme, prurit 
paresthesia, blurring of vision, postural hypotension, nausea, vomiting, 
diarrnea, may occur. l A : 

Anemia, leukopenia, aplastic anemia, and thrombocytopenia (with p 
pura) may occur. Rare cases of agranulocytosis have occurred which 
sponded to treatment. 

In addition, the following rare adverse reactions have been reported; ht 
ever, relationship to the drug has not been established with certainty: sw 
taste, oral and gastric burning, paradoxical swelling, headache, jaundi 
thrombophlebitis and emboli (see '"WARNINGS"), and acute pancreati 

Lasix-induced diuresis may be accompanied by weakness, fatigue, lig 
headedness or dizziness, muscle cramps, thirst, increased perspirati 
urinary bladder spasm, and symptoms of urinary frequency. 

As far as hyperglycemia is concerned, see ‘‘PRECAUTIONS.,” 

DOSAGE AND ADMINISTRATION 

ADULTS 

_ The usual dose of Lasix is 20 to 80 mg given as a single dose, prefera 

in the morning. Ordinarily, a prompt diuresis ensues. Depending on | 

patente response, a second dose can be administered 6 to 8 hours lat 
hisdosage and dosage schedule can then be maintained or even reduce 

If the diuretic response with a single dose of 20 to 80 mg is not satisf 
tory, e.g., in a patient with congestive heart failure refractory to maxin 
doses of thiazides, the following schedule should be used: increase t 
dose by increments of 20 or 40 mg not sooner than 6 to 8 hours after i 
previous dose until the desired diuretic effect has been obtained. T 
individually determined single dose should then be given once or tw 
dailv (e.g., at 8:00 a.m. and 2:00 p.m.). The dose of asix may be ce 
fully titrated up to 600 mg per day in those patients with severe clini 
edematous states. Higher doses are currently under investigation. 

The mobilization of edema may be most efficiently and safely accc 
plished by utilizing an intermittent dosage schedule in which the diure 
is given for 2 to 4 consecutive days each week. With doses exceed 
80 mg/day and given for prolonged periods, careful clinical and laborat 
observations are particularly advisable. . 

Hypertension—The usual dose of Lasix is 40 mg twice daily both for ! 
tiation of therapy and for maintenance. Careful observations for chan 
in blood pressure must be made when this compound is used with ot 
antinypertensive drugs, especially during initial therapy. The dosage 
other agents must be reduced by at least 50 per cent as soon as Lasi» 
added to the regimen to prevent excessive drop in blood pressure. As ! 
blocd pressure falls under the potentiating effect of Lasix, a further red 
tion in dosage, or even discontinuation, of other antihypertensive drt 
may be necessary. It is further recommended, if 40 mg twice daily d 
not lead to a clinically satisfactory response, to add other hypotens 
agents, e.g., reserpine, rather than to increase the dose of Lasix. 
INFANTS AND CHILDREN 

Pediatric Administration: The usual initial dose of oral Lasix in infa 
and children is 2 mg/kg body weight, pues as a single dose. If the c 
retic response is not satisfactory after the initial dose, dosage may be 
creased by 1 or 2 mg/kg not sooner than 6 to 8 hours after the previc 
dose. Doses greater than 6 mg/kg body weight are not recommended. 

For maintenance therapy in infants and children, the dose should 
adjusted to the minimum effective level. 

HOW SUPPLIED—Lasix Tablets 40 mg supplied as white, round, mo 
grammeo scored tablets in bottles of 100, 500 and unit dose 100s | 
strips o A 

Lasix Tablets 20 mg supplied as white, oval, monogrammed tablets 
bottles of 100. 
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Abnormalities of the systemic atrioventricular (A-V) valve are fre- 
quently present in patients with corrected transposition. Systemic A-V 
valve regurgitation is usually present and may be amenable to opera- 
tive correction with valve replacement if the regurgitation is caused by 
normally positioned but deformed valve leaflets or a dilated valve ring, 
or both. Systemic A-V valve regurgitation secondary to the more com- 
mon Ebstein-type malformation of the inverted tricuspid valve is an in- 
operable condition at present. Displacement of the valve leaflets below 
the level of the valve ring may be seen in the angiocardiograms of pa- 
tients with this finding and is the differentiating feature between the 
two lesions. Ten cases of systemic A-V valve regurgitation in patients 
with corrected transposition are reviewed to illustrate these features. 


Although corrected transposition of the great vessels may occur as an 
isolated anomaly,!? generally present are one or more other cardiac 
anomalies, most frequently a ventricular septal defect and abnor- 
malities of the systemic atrioventricular (A-V) valve.” Most pa- 
tients with abnormalities of this valve have moderate to severe valvu- 
lar regurgitation that may be corrected by valve replacement?-!! only 
if the regurgitation is due to a deformed but normally positioned 
valve. Unfortunately, the most common cause of systemic A-V valve 
regurgitation in patients with corrected transposition is an Ebstein- 
type malformation of the tricuspid valve accompanying the inverted 
right ventricle; successful operation in these patients has not been re- 
ported to date. Differentiation of these patients from those with a de- 
formed but normally positioned valve is therefore important. 

This report reviews 10 cases of corrected transposition with sys- 
temic A-V valve regurgitation, 9 studied at the National Institutes of 
Health, and 1 at the University of Utah Medical Center. It discusses 
the angiographic findings that may help to differentiate patients with 
an Ebstein-type malformation of the systemic A-V valve from those 
with a deformed but normally positioned valve. 


Pathologic Anatomy 


Corrected transposition is characterized by l-transposition of the 
great vessels in association with inversion of the ventricles and A-V 
valves. The A-V valve of the venous ventricle is bicuspid and a mirrot 
image of a normal mitral valve, whereas the A-V valve of the systemic 
ventricle is tricuspid and a mirror image of the tricuspid valve of 2 
normally disposed heart. Malformations of the systemic A-V valve 
are frequent and range from valvular atresia and stenosis*® to lesions 
with marked valvular regurgitation.?-!? | 

Malformation of systemic atrioventricular valve: Most com. 
monly the valvular regurgitation is due to an Ebstein-type malforma. 
tion of the inverted tricuspid valve. Here the origin of the valve leaf. 
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FIGURE 1. Case 3. Corrected transposition with Ebstein-type 
malformation of the systemic A-V valve. Above, view of dilated, 
thickened systemic atrium (s.a.) and systemic ventricle (s.v.). 
The level of the anulus fibrosus is designated by a dotted line. 
The basal attachment of the systemic A-V valve is to the wall of 
the systemic ventricle, approximately 10 mm below the level of 
the anulus fibrosus. Right, photomicrograph of a section through 
the posterior leaflet of the systemic A-V valve. The leaflet 
(arrow) takes its origin from the wall of the systemic ventricle 
(s.v. wall), considerably below the anulus fibrosus (a.*.). s.a. = 
wall of systemic atrium. (Reprinted with permission from Berry 
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Ee lets is displaced downward with:the basal attach- 
E ments of the leaflets to the systemic ventricular wall 
m at various levels approximately 0.6 to 1.5 cm below 
2 the anulus fibrosus*?? (Fig. 1). Regardless of the se- 
E verity of the malformation, the anterior leaflet is typ- 
Ev. ically the least malformed, and the septal and poste- 
“a rior leaflets are the most malformed.® In this regard 
E the pattern of the malformation resembles the mirror 
ji image of that described in the usual right-sided Eb- 
*. stein's anomaly of the tricuspid valve.®:!2 In addition 
M to abnormal origin of the posterior and septal leaf- 
m lets, the free edge of either leaflet may be adherent to 
m. the posterior wall of the ventricle. Occasionally the 
ps valve leaflets are fused together and so poorly demar- 
B. cated that the number of leaflets is in doubt. The 
hs | chordae tendineae are shortened, irregularly placed 


and often thickened so that they greatly hinder valve 
motion. The papillary muscles of the right ventricle 
are frequently malformed and may not be present as 
discrete structures. Together these abnormalities 
usually produce a valve that is incapable of closing 





E FIGURE 2. Case 9. Corrected transposition with incompetent but with resultant aay OFS valvular regurgitation. ‘ 

.. normally positioned systemic A-V valve. View of the systemic Often the regurgitation 1S secondary to a defor mity 

. atrium (s.a.), systemic ventricle (s.v.) and tricuspid systemic A-V of the systemic A-V valve with deficient leaflet tis- 

n save: In pide. gh iple eg can npo malfor ee sue, thickened valve leaflets, dilatation of the anulus 

-= shown in Figure e systemic A-V valve takes origin normally . 

à from the anulus fibrosus (dotted line). Incompetence of the abies: M popi y Nevers id one 
. valve was considered secondary to dilatation of the valve ring insertion or the chordae tendineae Ig. 2). 1 he 
- with resultant incomplete closure of the leaflets. (Reprinted with chordae tendineae are usually abnormally short and 


. permission from Berry et al.*) thickened and may insert directly into the wall of the 
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considerable systemic A-V valve regurgitation i 
present.® 

In patients with an Ebstein-type malformation c 
the systemic A-V valve, the atrialized portion of th 
systemic ventricle (morphologic right ventricle) ha 
thinner walls than the chamber distal to the valve 
The size of the distal ventricular chamber is variable 
It may be small if the Ebstein-type deformity is se 
vere since a large portion of the ventricle is "atria 
ized," or enlarged in lesser degrees of the anomal 
because of the presence of valvular regurgitation. 

Coronary arteries: The coronary arterial distri 
bution is also transposed and inverted.!? The righ 
coronary artery originates above the right aorti 
sinus and gives rise to the anterior descendin 


systemic ventricle so that the leaflets are poorly 
aligned, and complete valve closure is not possible. 
Occasionally, the chordae tendineae insert anoma- 
na lously through a ventricular septal defect into the ve- 
nous ventricle. Commonly the posterior and septal 
leaflets are the most malformed.8 Although the valve 
may be deformed, the basal attachment of the valve 
leaflets is from the anulus fibrosus in contrast to the 
situation in the Ebstein type of malformation. 

Left atrium: The left atřium is usually enlarged, 
thus reflecting the effects of the high incidence rate 
of associated ventricular septal defect and abnor- 
malities of the systemic A-V valve with incompe- 
tence. The enlargement is usually mild if only a ven- 
tricular septal defect is present, but it is marked if 


TABLE | 
Clinical, Anatomic and Radiographic Findings of Ten Patients with CTGV and S A-V V Regurgitation 





Procedure : ; ie Eai 
Age Associated Cardiac Cause of S A-V V Confirming Pe Airea Ai ka A a t 
i Case (yr) Lesions Regurgitation Diagnosis Plain Radiographs Angiocardiograms 
1 4 VSD, large Ebstein-type Operation; CTR =0.66; increased pulmonary 
malformation autopsy flow; left atrial enlargement; 
ascending aortic convexity 
left upper heart margin 
2 2 VSD, large; PDA; Ebstein-type Autopsy CTR = 0.67; increased pulmonary Thoracic aortogram: CTGV; 
preductal coarctation; malformation flow; left atrial enlargement; PDA; preductal coarctation 
subaortic stenosis; ascending aortic convexity 
biventricular origin left upper heart margin 
of pulmonary trunk 
3 38 VSD, small; ASD; Ebstein-type Autopsy CTR = 0.56; decreased pulmonary Venous ventricular angiography: 
subvalvular and malformation flow; left atrium not enlarged; CTGV; VSD; subvalvular 
valvular pulmonary ascending aortic convexity and valvular pulmonary 
stenosis; biventricular left upper heart margin stenosis 
Origin of aorta 
4 13 None Ebstein-type Autopsy CTR = 0.56; left atrial enlargement CTGV; marked S A-V V 
malformation regurgitation; displaced S A-V \ 
5 7 VSD, large; subvalvular Ebstein-type Operation; CTR = 0.59; increased pulmonary CTGV; VSD; subvalvular 
pulmonary stenosis malformation autopsy flow; left atrial enlargement; pulmonary stenosis; marked 
ascending aortic convexity S A-V V regurgitation 
left upper heart margin 
6 5 VSD; valvular pulmonary Ebstein-type CTR = 0.59; increased pulmonary CTGV; VSD; moderate S A-V V 
stenosis malformation flow; left atrial and atrial regurgitation; displaced S A-V \ 
appendage enlargement; 
ascending aortic convexity 
left upper heart margin 
7 12 PAPVR to coronary Ebstein-type Operation 1964 CTR = 0.60; increased 1964 CTGV; PAPVR to coronary 
sinus; ASD, small malformation pulmonary flow; left atrium not sinus; ASD, small; moderate 
enlarged; ascending aortic S A-V V regurgitation; displace: 
convexity left upper heart S A-V V 
margin 
1970 CTR = 0.58; finding same as 1970 finding same as 1964, plus 
1964, plus redistribution of redistribution of pulmonary 
pulmonary flow to upper lungs; flow to upper lungs 
main pulmonary arterial 
enlargement 
8 14 VSD Deformed valve Operation 1962 CTR = 0.59; increased 1962 CTGV; VSD; mild S A-V V 
pulmonary flow; left atrial regurgitation 
enlargement 
1971 (5 years after VSD closure) 1971 CTGV; marked S A-V V 
CTR = 0.79; redistribution of regurgitation; normal S A-V V 
pulmonary flow to upper lungs; position 
marked left atrial enlargement 
9 27 None Dilatation of Autopsy CTR = 0.57; situs inversus with CTGV; marked S A-V V 
S A-V V mesocardia; main pulmonary regurgitation; normal 
ring arterial enlargement; left atrial S A-V V position 
enlargement 
10 10 None Deformed valve CTR = 0.48; left atrial enlargement CTGV; moderate S A-V V 
regurgitation; normal 
S A-V V position 
ASD = atrial septal defect; CTGV = corrected transposition of the great vessels; CTR = cardiothoracic ratio; PAPVR = partial anomalo! 


pulmonary venous return; PDA = patent ductus arteriosus; S A-V V = systemic atrioventricular valve; VSD = ventricular septal defect. 
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se 7. Corrected transposition with deformed systemic A-V valve. A, posteroanterior view after barium swallow in 1962 


demonstrating increased pulmonary blood flow and cardiomegaly. Mild left atrial enlargement was seen in lateral view. B, frontal chest 
radiograph 9 years later reveals increased cardiomegaly, redistribution of pulmonary blood flow to the upper lungs and development of 
marked left atrial enlargement. Interval studies demonstrated these changes were progressive during the 9 year period. 


_ branch, which descends in the anterior interventricu- 
— lar groove to the posterior aspect of the heart. The 
- left coronary artery originates above the left aortic 
- sinus and courses in the left atrioventricular groove, 
- giving off a marginal branch, and the posterior de- 
- scending coronary artery. The coronary arterial pat- 


tern may therefore be considered a mirror image of 


_ the normal pattern. 





= z pi . m iz 
=. 99 ] 


x e " 


| FIGURE 4. Case 4. Corrected transposition with Ebstein-type mal- 


formation of the systemic A-V valve. Frontal systemic ventricular 
angiocardiogram. In diastole, the systemic A-V valve leaflets appear 
to be displaced inferiorly and to the left into the body of the systemic 


ventricle. The displaced septal leaflet is faintly visualized (arrow). 


Left atrial (LA) opacification has occurred from systemic A-V valve 
regurgitation. 


Clinical Material 


The chest radiographs of 10 patients with corrected 
transposition and systemic A-V valve regurgitation were 
available for review. The clinical, hemodynamic and patho- 
logic findings of 7 of these patients were included in the 
data on 13 patients with corrected transposition reported 
in 1964 by Berry et al.* Follow-up data are available for two 
of these seven patients; the other five patients died before 
1964. 

Associated cardiac lesions are listed in Table I. The 
cause of the systemic A-V valve regurgitation was con- 
firmed at postmortem examination in six patients and at 
operation in two other patients. Seven patients were diag- 
nosed as having an Ebstein-type malformation of the in- 
verted tricuspid valve, and three patients as having a de- 
formed but normally positioned valve. 

Plain chest radiographs were available for review in all 
patients. Biplane angiography or cineangiocardiography, or 
both, was performed in eight patients, and thoracic aortog- 
raphy in one. Seven patients had at least one systemic ven- 
tricular angiocardiogram to document the presence and se- 
verity of the systemic A-V valve regurgitation. Six of these 
seven patients and an additional patient had venous ven- 
tricular or main pulmonary arterial angiocardiography. 


Results 
Radiographic Findings (Table 1) 


Chest radiographs typically revealed increased pul- 
monary arterial flow and cardiomegaly. Radiographic 
features characteristic of corrected — transposi- 
tion?9:8.14 were seen in 6 of 10 patients and were asso- 
ciated with definite left atrial enlargement in 8 pa- 
tients. The degree of left atrial enlargement was 
greater than that typically seen in patients with cor- 
rected transposition and associated shunt lesions, 
such as a ventricular defect without systemic A-V 
valve regurgitation.® In one of these patients (Case 8) 
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FIGURE 5. Case 6. Corrected trans- 
position with Ebstein-type malforma- 
tion of the systemic A-V valve. A, 
frontal systemic ventricular angiocar- 
diogram. In diastole the systemic A-V 
valve leaflets (arrows) appear to be 
displaced inferiorly into the body of 
the systemic ventricle. B, line di- 
agram of A. Ao = aorta arising from 
the systemic ventricle; C — catheter; 
SAVV = displaced systemic A-V 
valve leaflets; SV = systemic ventri- 
cle. C, during systole there is moder- 
ate systemic A-V valve regurgitation 
with left atrial and atrial appendage 
opacification. Note the small size of 
the systemic ventricle. D, line di- 
agram of C. LA = left atrium; LAA = 
left atrial appendage. 
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marked left atrial enlargement developed over the 9 
1/2 year interval as the severity of the systemic A-V 
valve regurgitation increased (Fig. 3). 


Angiographic Findings 

Angiocardiography revealed features characteristic 
of corrected transposition in all eight patients and 
helped document the associated lesions listed in 
Table I. In six of seven cases systemic ventricular in- 
jections permitted differentiation of patients with an 
Ebstein-type malformation of the systemic A-V valve 
from those with a deformed but normally positioned 
valve. 

Ebstein-type malformation: Differentiation of 


the two lesions was most dependent on the positio: 
of the tricuspid valve ring and leaflets. The angio 
graphic demonstration of displaced valve leaflet 
below the level of the valve ring permitted a correc 
diagnosis of an Ebstein-type malformation in thre 
patients. In another patient (Case 5), later shown t 
have an Ebstein-type malformation, the valve rin 
and leaflets were obscured on systemic ventricula 
injection by large amounts of contrast medium cross 
ing a large ventricular septal defect and opacifyin 
the venous ventricle and pulmonary artery. 
Displacement of the valve leaflets below the lev: 
of the valve ring was best appreciated in systemi 
ventricular angiocardiograms obtained in the front: 
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Busy sein it could be recognized also in studies with 
‘additional oblique projections, but was largely ob- 
. scured in the lateral projection. In one patient (Case 
| 4) with marked systemic A-V valve regurgitation the 
septal and posterior leaflets appeared to be displaced 
inferiorly and to the left (Fig. 4). In another (Case 6) 
with moderate systemic A-V valve regurgitation the 
valve leaflets were displaced directly inferiorly into 


_ the body of the systemic ventricle and, as a result, 


. this chamber appeared smaller than normal (Fig. 5). 
. In one patient, Case 7, with moderate systemic A-V 
- valve regurgitation two studies clearly demonstrated 
. a large displacement of abnormal septal leaflet ap- 
- proximately 1 cm below the level of the anulus fibro- 
sus (Fig. 6). In this patient the left coronary artery 
was well seen and served as a guide to the left A-V 
groove posteriorly and the level of the valve ring. 
_ Cineangiographic study clearly showed abnormal mo- 
ation of this displaced septal leaflet and abnormally 
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thick chordae tendineae. Abnormalities of the papil- 
lary muscles or chordae tendineae were not recogniz- 
able in other patients. 

The size of the systemic ventricle in the three pa- 
tients recognized to have an Ebstein-type malforma- 
tion was estimated to be small in one patient (Case 6) 
and large in two (Cases 2 and 7). Marked volume 
variation of the systemic infundibular musculature 
between systole and diastole, as may be seen in pa- 
tients with typical Ebstein’s anomaly of the tricuspid 
valve,? was not recognized in any patient. Contrac- 
tion of the “atrialized” ventricular musculature dur- 
ing ventricular systole!9 could not be recognized even 
in cineangiocardiograms with correlative electrocar- 
diograms and pressure monitoring data displayed in 
the film. 

Incompetent but normally positioned atrioven- 
tricular valve: In three patients (Cases 8 to 10) sys- 
temic A-V valve regurgitation was demonstrated, but 


FIGURE 6. Case 7. Corrected 
transposition with Ebstein-type 
malformation of the systemic A-V 
valve. A, frontal venous ventricu- 
lar angiocardiogram, levocardio- 
graphic phase. Partial anomalous 
pulmonary venous return from the 
right lower pulmonary lobe to the 
coronary sinus is seen (arrow). 
The systemic atrium is elongated, 
and the septal leaflet of the sys- 
temic A-V valve (arrowheads) is 
displaced into the body of the sys- 
temic ventricle. B, line diagram of 
A. C = catheter in venous ventri- 
cle; CS — coronary sinus; DSL — 
displaced septal leaflet of the sys- 
temic A-V valve; SA = systemic 
atrium. C, frontal systemic ven- 
tricular angiocardiogram. The dis- 
placed septal leaflet is well visual- 
ized (arrows). Note its abnormal 
origin approximately 1 cm below 
the level of the anulus fibrosus. 
The left coronary artery (curved 
arrow) is well seen in the A-V 
groove posteriorly and serves as 
a useful guide to the level of the 
anulus fibrosus. D, line diagram of 
C. Ao = aorta; C = catheter in 
systemic ventricle; DSL = dis- 
placed septal leaflet originating 
approximately 1 cm below the 
level of the anulus fibrosus; LCA 
= left coronary artery outlining 
the A-V groove and the expected 
position of the anulus fibrosus; SV 
— systemic ventricle. 
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the valve leaflets appeared to be normally related to 
the tricuspid valve ring (Fig. 7). This appearance was 
in direct contrast to that seen in patients with an Eb- 
stein-type malformation who manifested displace- 
ment of the valve leaflets into the body of the sys- 
temic ventricle. Autopsy study in one patient (Case 
9) confirmed the angiographic impression of a nor- 
mally positioned but deformed valve or dilated valve 
ring. In another patient (Case 8), initially shown to 
have a deformed valve with “thickened and rolled" 
edges at operation, and mild valvular regurgitation in 
angiocardiograms, severe valvular regurgitation de- 
veloped over the next 9 1/2 years. Despite elevated 
pulmonary arterial and venous pressure levels, the 
patient remains asymptomatic and operation has 
been postponed. 

The left atrial enlargement seen in plain chest 
films in six of the seven patients undergoing systemic 
ventricular angiocardiography was confirmed when 
left atrial opacification occurred from systemic A-V 
valve regurgitation. Similarly, left atrial enlargement 
was apparent in the levocardiographic phase of ve- 
nous ventricular or main pulmonary injections, but 
the shape was suggestive or diagnostic of an Ebstein- 
type malformation only in the patient with a small 
left atrium (Case 7) (Fig. 6A). The position of the tri- 
cuspid valve ring and valve leaflets was best recog- 
nized in studies using systemic ventricular injections, 
and the diagnosis of an Ebstein-type malformation 
could be made with confidence only when displace- 
ment of the valve leaflets was visualized. 


Discussion 


Since the original description by Helmholz et al.’ 
in 1956, abnormalities of the systemic A-V valve are 
now recognized to be one of the cardiac lesions most 
frequently associated with corrected transposition of 
the great arteries, occurring in approximately 33 per- 


FIGURE 7. Case 10. Corrected transposition ' 
with incompetent but normally positioned sys- 
temic A-V valve. Frontal systemic ventricular 
cineangiocardiogram. In diastole, the systemic 
A-V valve is seen in normal position (arrows) 
with the valve leaflets originating from the anu- 
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cent of cases. Several investigators®!’ have que 
tioned whether abnormalities of the systemic A- 
valve should not in fact be considered an integr 
part of the lesion of corrected transposition. 
Because of the high incidence rate of systemic A- 
valve abnormalities in corrected .transposition, con 
plete evaluation of patients with this cardiac malfo 
mation must include careful assessment of the sy 
temic A-V valve as well as other possible associate 
lesions. The prognosis of these patients is almost e) 
tirely dependent on the associated lesions and not, : 
the name implies, on the position of the aorta ar 
pulmonary artery. 
Patients with systemic A-V valve regurgitatic 
may have pulmonary venous and arterial hyperte 
sion with congestive heart failure and frequent er 
sodes of pulmonary edema.5?-1! Operation with val 
replacement is possible when clinically indicated? 
but can only be performed currently in patien 
whose systemic A-V valve regurgitation is seconda 
to normally positioned but deformed tricuspid val 
leaflets or a dilated valve ring, or both. Thus, diffe 
entiation of these patients from those with the mo 
frequent nonoperable Ebstein-type malformation 
the tricuspid valve is important. 
Angiocardiographic features in differential d 
agnosis: As this study illustrates, angiocardiograp] 
with systemic ventricular injection provides an acc 
rate means of assessing the competence of the sy 
temic A-V valve and most importantly can differe 
tiate between the two types of systemic A-V valve t 
gurgitation. Patients with systemic A-V valve regu 
gitation and normally positioned valve leaflets at a 
giography can be expected to have deformity of t. 
valve leaflets with abnormal chordae tendineae or 
dilated valve ring, or both, at operation or autops 
Patients with systemic A-V valve regurgitation a! 
angiographic demonstration of displacement of t. 
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_ septal and posterior leaflets into the body of the sys- 
_ temic ventricle below the anulus fibrosus may be 
.. diagnosed as having an Ebstein-type malformation of 


the inverted tricuspid valve. These patients to date 
are not amenable to operative correction of their val- 


. vular regurgitation. 


The position of the valve leaflets is best recognized 
in frontal angiocardiograms. Ellis et al.!6 first com- 
mented that the angiographic position of the right 


. coronary artery in the A-V groove could serve as a 
_ useful guide to the expected position of the valve ring 
. in patients with typical Ebstein's anomaly of the tri- 


cuspid valve, and this concept holds true in patients 
with corrected transposition. The coronary arteries in 


. patients with corrected transposition are a mirror 


image of normal, with the left coronary artery resem- 


- bling a normal right coronary artery. Because this ar- 


tery courses in the left A-V groove posteriorly it 


. Serves as a useful guide to the position of the inverted 
 tricuspid valve ring. Displacement of the valve leaf- 


lets, as seen in Figures 3 to 5, becomes more apparent 
when the left coronary artery is visualized, indicating 
the expected position of the tricuspid valve ring (Fig. 


- 6C). 


Other angiographic features described in patients 


. with typical Ebstein's anomaly of the tricuspid valve, 
. including abnormal right ventricular configuration, 


contraction of “atrialized’”’ ventricular musculature 
and marked volume variation of the infundibular 
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musculature between systole and diastole, were not 
observed in this series and therefore were of no help 
in determining the cause of the valvular regurgita- 
tion. Only in one of six patients was the shape of the 
left atrium as seen in the levocardiographic phase of 
a venous ventricular injection suggestive of Ebstein's 
anomaly, and this circumstance was in large part due 
to the faint visualization of the displaced septal leaf- 


let (Fig. 6A). In a similar case Ellis et al.!6 visualized - 


apparent "extension of the left atrial cavity into the 
left-sided ventricle because of the Ebstein anomaly." 
Although visualization of an abnormal left atrial con- 
figuration, as in these two cases, may suggest an Eb- 
stein-type malformation, this finding is infrequently 
noted even when this malformation is present. Accu- 
rate evaluation of the systemic A-V valve is therefore 
dependent on systemic ventricular injections, and the 
diagnosis of an Ebstein-type malformation can be 
made with confidence only when displacement of the 
valve leaflets below the level of the valve ring can be 
visualized. 
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Four infants with the severe form of the syndrome of tetralogy of Fallot 
and absent pulmonary valve are described. All had severe respiratory 
distress due to bronchial compression from massively dilated pulmo- 
nary arteries. The clinical diagnosis was confirmed by cardiac cathe- 
terization and angiocardiography. The infants died at age 3, 5, 30 and 
90 days, respectively. Autopsy revealed, in addition to the usual com- 
ponents of the syndrome, absence of the ductus arteriosus or its rem- 
nants. The possible relation of “agenesis” of the ductus arteriosus to 
the pathogenesis of the severe form of this syndrome is discussed and 
pertinent studies are reviewed. 


Congenital absence of the pulmonary valve is a relatively rare malfor- 
mation. It is usually associated with a ventricular septal defect, ob. 
struction to right ventricular outflow and massive dilatation of the 
pulmonary arteries. The obstruction is almost always located at the 
pulmonary valve ring and sometimes at the infundibulum as well 
This combination of defects is better known as tetralogy of Fallo: 
with absent pulmonary valve. Since the first description of this lesior 
by Chevers! in 1847, at least 146 cases have been reported, including 
11 cases of absent pulmonary valve without ventricular septal defect.” 
52 Although survival after infancy is frequent, many neonates with 
the severe form of this syndrome die early with signs of severe respi. 
ratory distress and intractable cardiac failure. The pulmonary prob 
lems are due to tracheobronchial compression caused by the massive 
ly dilated pulmonary arteries, and these problems usually determine 
the prognosis in severely affected infants. 

In this communication we describe the clinical profiles of four neo 
nates with the severe form of this syndrome who had no ductus arte 
riosus or remnants of it at autopsy. This curious association of appar 
ent “agenesis” of the ductus arteriosus in these infants prompted us 
to look into the available published postmortem data. To our sur. 
prise, in 50 of the 71 reported autopsy cases of absent pulmonary 
valve and ventricular septal defect the status of the ductus arteriosus 
or its remnants was not mentioned. A “small obliterated” ductus ar- 
teriosus was mentioned in 14 of the remaining 21 cases, including * 
with interrupted left pulmonary artery; in 7 cases the ductus arterio- 
sus was absent.23:10:25,28.29 Tn contrast, four of five autopsy cases ol 
isolated absent pulmonary valve had a patent ductus arterio- 
sus. /2,15,18,31 The apparent high frequency of “agenesis” of the ductus 
arteriosus in the severe form of the syndrome of tetralogy of Falloi 
and absent pulmonary valve suggests that the conditions may be 
pathogenetically related and may explain in part the massive dilata 
tion of the pulmonary arteries in this syndrome. 
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| Onset of s. [x te | 
Body weight Respiratory Distress Hepatomegaly — ^ 
Sex (G) (hr) Cyanosis Heart Murmur (cm H 
F ' + s A S 
M 2990 1 * + 2 Lx 
M 2625 1 * * 3 
F 3115 28 * * 2 
Material and Methods with this syndrome. In 2 infants-(Cases 1 and 3) Spa 
b oe newborn infants with the severe form of the syn- nificant hepatomegaly developed. Other signs of con- i 
gsm of tetralogy of Fallot and absent pulmonary valve gestive heart failure, such as gallops and diaphoresis, è 
were born at Harbor General Hospital (two cases) or trans- were observed in one infant (Case 4) at age 4 days. 
erred to that hospital (one case) or the Los Angeles All infants had pulmonary complications, in the form 
anty—University of Southern California Medical Center of air trapping and wheezing or atelectasis. In one in- 
se) between January 1970 and December 1973. Each fant (Case 4) the pulmonary findings were less pro- | 
a product of an uncomplicated full-term pregnancy nounced and became severe with respiratory infec- ——— 
E nd normal delivery. Birth weight ranged from 2,625 to tions. In all cases, the electrocardiogram showed evi- — . 
115 g (Table I). Two were male and two female and their dence of right ventricular hypertr ophy, more than | 
|. age e at the time of cardiac catheterization was 1, 2, 3 and 46 all forthe intent! | 
na respectively. The physical findings, chest roentgeno- usualy seen for the infant's age. cd 
b T A , electrocardiograms and cardiac catheterization and Roentgenogr aphic findings (Table II): The pos- _ e) 
E. . angiocardiographic data were analyzed and compared with teroanterior view showed moderate to marked car- Dur 
data in previously reported cases. The four infants died at diomegaly in all infants and right aortic arch in three. At 
. age 3, 5, 30 and 90 days, respectively. Autopsy was per- Prominence of the right or left hilar regions (caused 
formed in all cases. by the massively dilated proximal major pulmonary — . 
1h Se Results arterial branches) seen in older infants and children — - 
i. | ae | with this syndrome was not obvious in these cases. 
v pt - Clinical features (Table I): The physical find- The main pulmonary arterial trunk segment was — - 
. ings were similar in all cases and were essentially the prominent in only two cases. Overaeration or atelec- eer 
same as those in severe cases previously re- tasis of various degrees involving either lung were ev- — - 
port 4.10,22 25274249 Respiratory distress with retrac- ident in all roentgenograms analyzed. The peripheral f 
M. v tion cd noted soon after birth in two infants and by pulmonary vascular markings were decreased in — — 
E h 2 and 28 hours, respectively, in the other two. Cya- three instances and normal in one. . 5 
na sis and a heart murmur were noted in all at birth Cardiac catheterization data (Table III): The __ 
E o r shortly thereafter. The cyanosis persisted in two right ventricular pressure was at systemic levels in all UREA 
ir infants until death and in the other two became less cases, and there was a significant pressure gradient a 
SNR era by the 2nd week of life. All had a prominent across the pulmonary valve ring suggesting the pres- — 
p! ‘ight ventricular impulse. The first heart sound was ence of a stenotic anulus in two infants whose pulmo- 
= normal. or slightly increased in intensity and the sec- nary artery was entered. In these two infants the pul- - ux 
0 ad sound was single and loud. There was a grade monary diastolic pressure was equal to the right ven- ty 
ee BACK 3—4 5 harsh ejection systolic murmur heard loudest tricular end-diastolic pressure. There was systemic 
Mk the upper left sternal border and radiating over oxygen desaturation in all infants due to a right to 5575 
A p ; he entire precordium. Three infants also had a grade left intracardiac shunt, which was confirmed by an- e 
i E 23/6 decrescendo diastolic murmur that had the giocardiography. However, in the absence of pulmo- 
E . characteristic to and fro quality previously described nary venous blood sampling, itis difficult to appreci- — 
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TABLE Ill 
Cardiac Catheterization Data 


Pressures (mm Hg) 


KEU ER Fee ee I: 
WIES « ie T2224» ruat" Ve ae Dh pee 
` 1 4*2 0 Sey A 


LS VEL FEED, ATRL a 
^s Pet p Ap $ Dy „àl PN 5 


“AGENESIS” OF DUCTUS ARTERIOSUS—EMMANOUILIDES ET AL. - 


Age at Oxygen Saturation (96) Shunt 
Case Study RA 
no. (days) Mean RV PA Ao SVC RA RV PA Ao L-R R-L 
1 2 2 70/0—6 Se 65/32 56 60 56 — 68 +* + 
2 3 16 105/0—15 ted 105/65 70 74 69 — 83 — 4 
3 1 6 60/0—13 40/13 65/44 E ds 73 67 67 75 — + 
4 46 2 115/0—12 32/12 120/56 64 65 76 83 88 + + 
*Only by angiocardiography. 
Ao = aorta; L = left; PA = pulmonary artery; R = right; RA = right atrium; RV = right ventricle; SVC = superior vena cava; . . . = not mea- 


sured; — = absent; + = present 


ate the magnitude of the intrapulmonary right to left 
shunt since all infants had moderate to severe respi- 
ratory distress. One infant had a predominant left to 
right shunt; this infant underwent cardiac catheter- 
ization at age 46 days at a time when his total pulmo- 
nary vascular resistance,was considerably decreased. 

Angiocardiographic studies were obtained in all 
infants (Fig. 1 and 2) and demonstrated massively di- 
lated main and proximal right and left pulmonary ar- 
teries as well as various degrees of right to left shunt 
at the ventricular level. The narrow pulmonary valve 
ring could not be clearly demonstrated in two infants 
who were too ill to permit a lateral view to be ob- 
tained. Three infants had a right aortic arch. Aorto- 
grams obtained in two infants did not show evidence 
of a left to right shunt at the ductal level. 

Hospital course: Patients 1 and 2 were most se- 
verely affected and died at age 3 and 5 days, respec- 
tively, with signs of severe respiratory distress due to 
bronchial obstruction. Patient 2 had respiratory and 
cardiac arrest during cardiac catheterization and re- 
sponded only temporarily to respiratory assistance. 





FIGURE 1. Case 1. Frame from a left ventriculogram. The heart is 
displaced to the left by the overinflated right lung. There is a right 
aortic arch. There is a left to right shunt at the ventricular level 
since the right ventricular infundibulum and pulmonary artery are 
well opacified. Note the dilated infundibulum, the narrow pulmonary 
valve anulus and the massively dilated main and proximal right pul- 
monary arteries. 


The third infant died at age 1 month, a few hours 
after thoracotomy, during which an ascending aortic- 
right pulmonary arterial anastomosis was performed. 
In this infant it was planned to ligate the main pul- 
monary artery to eliminate the pulmonary valvular 
insufficiency which was thought to be significant. 
However, the procedure was not carried out because 
the pulmonary valve anulus was found to be consid- 
erably stenotic. The fourth infant died at age 3 
months after a viral respiratory infection while await- 
ing surgery (aneurysmectomy). 

Autopsy results (Table IV): All infants had the 
typical pathologic findings of this syndrome, that is, 
dilated and hypertrophied right ventricle, dilated in- 
fundibulum, stenotic pulmonary valve ring and mas- 
sively dilated main and proximal pulmonary arterial 
branches (Fig. 3 and 4). No traces of a ductus arterio- 
sus or remnants of ligamentum arteriosum could be 
found. Histologically, the tissue at the level of the 
pulmonary valve anulus was composed of cellular, 
avascular, myxomatous-appearing primitive connec- - 
tive tissue. 





FIGURE 2. Case 3. Photograph of a cine frame of a pulmonary arte- 
rial injection performed when the infant was 24 hours old. Note the ` 
marked aneurysmal dilatation of the main (MPA) and right (RPA) pul- 
monary arteries. The dilatation of the left pulmonary artery is less 
obvious and the pulmonary valve ring stenosis is not visible in this 
view. There is some regurgitation of contrast material in the right 
ventricular outflow tract. The massively dilated right pulmonary ar- 
tery was not seen in the chest roentgenogram partly because the 
right aortic arch (AO) was superimposed. RV = right ventricle. 


E ET E EE E E OE ON E EEEE EE E Y VTE eae ae Ear aaa Aa a 
T “AGENESIS” 0 OF acd HETERIOSUS - BUMANDULIES ET AL. 
j 
A 
s 
js | TABLE IV 
E: "Gross Autopsy Findings 
he 
E Wall 

Thickness 
Ko Heart (mm) Circumference (mm) Pulmonary 
ent Case. Age Weight Foramen VSD Pulmonary DA or Aortic Arterial 
— - no. (days (g) RV LV Ovale (mm) . Valve PVR AV Inf MPA Lig.A Arch Dilatation 
dà 
e 1 3 * 3 3 Patent 5 Absent t 13 13.6 7 18.5 Absent Right Marked 
Ws bilateral 
|, 5 30 4 4 Patent 6  Absentt — 12 22 is. ‘36 Absent Left Marked 
g | bilateral 
P 3 30 40 6 6 Patent 8 Absent t 13 18.5 14 20 Absent Right Marked 
H bilateral 
E 4 90 85 6 7 Patent t 7 Absent t 15 21 17.4 48 Absent Right Marked 
d bilateral 
< *Combined heart and lung weight 93 mg. 
rm Only nodular, gelatinous dysplastic valve tissue present. 
d t Aneurysm of septum secumdum also. 
— - AV = aortic valve; DA = ductus arteriosus; Inf = infundibulum; Lig. A = ligamentum arteriosum; LV = left ventricle; MPA = main pulmonary 
E: trunk; PVR = pulmonary valve ring; RV = right ventricle; VSD = ventricular septal defect. 
Re Discussion marked cardiomegaly, prominence of the hilar shad- 
to Pu Hemodynamic Features ows due to marked dilatation of the pulmonary arte- 
a y ries, and normal to diminished peripheral pulmonary 
Pe: Most reported cases of absence of the pulmonary vascularity. Obstructive emphysema and atelectasis 
-. valve have been associated with a ventricular septal as a result of tracheobronchial compression by the 
[e i a 
b - defect and obstruction to right ventricular outflow lo- aneurysmally dilated pulmonary arteries is also man- 
-. eated mainly at the pulmonary valve anulus. In some ifested in the chest roentgenograms. In spite of mark- 
1 instances, infundibular stenosis was also present. edly dilated pulmonary arteries, the prominence of 
_ Congenital absence of the pulmonary valve as an iso- the hilar shadows may not be evident early in infan- 
2 lated anomaly Syra nda Sae eue ad gie has cy, as was found in all four cases in this study. This 
US also been described. The clinical lack of prominence may be partly due to the presence 
_ and hemodynamic findings that characterize this car- of right aortic arch and displacement of the heart and 
E diac anomaly have been well established." They in- great vessels by overinflated lungs.*° The electrocar- 


_ clude various degrees of respiratory difficulty, systol- 
- ic and diastolic (“to and fro”) murmurs along the left 
E arena border and a single second heart sound. Cya- 
nosis is not always present, except early in the neona- 
tal period. Chest roentgenograms show moderate to 
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FIGURE 3. Case 2. Photograph of opened right ventricle (RV) and 
pulmonary artery (PA). Note the thickened infundibulum, multiple 
- small nodules at the level of the pulmonary valve anulus, and greatly 
_ dilated pulmonary artery. 
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diogram usually reveals right ventricular hypertro- 
phy. Cardiac catheterization and angiocardiography 





FIGURE 4. Case 4. Photograph of opened right veritticle (RV) and 
pulmonary artery (PA). Note the thickened infundibulum, dysplastic 
valve tissue at the level of the pulmonary valve anulus and massive 
dilatation of the pulmonary artery and its major branches. 
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. usually confirm the clinical diagnosis, demonstrating 
a ventricular septal defect with bidirectional shunt- 
ing, various degrees of pulmonary valve ring stenosis, 
dilatation of the pulmonary arteries and pulmonary 
valve insufficiency. The equalization of the pulmo- 
nary arterial diastolic and right ventricular end-dia- 
stolic pressures, a characteristic of isolated pulmo- 
nary valvular regurgitation,!! had been occasionally 
found in cases coexisting with Fallot’s tetralo- 
gy.22,35,59,44 This finding was present in two of our 
cases. 


Anatomy 


Complete absence of the pulmonary valve leaflets 
or an irregular, or occasionally smooth, slight rim of 
primitive connective tissue is found at the area of the 
pulmonary valve at surgery or at postmortem exami- 
nation (Fig. 3 and 4). This aplasia or hypoplasia of 
the pulmonary valve is usually associated with steno- 
sis of the valve anulus, and in some instances of the 
infundibulum, and a ventricular septal defect. Vari- 
ous degrees of stenosis of the pulmonary anulus as 
well as absence of the pulmonary valve leaflets was 
present in all our four infants. Absence of the pulmo- 
nary valve has also been described in association with 
a patent ductus arteriosus,!?!?!8 atrial septal de- 
fect,4? double outlet right ventricle,?°:29°4 endocar- 
dial cushion defect, Marfan syndrome” and ventric- 
ular septal defect without valve ring steno- 
gis, 10.15,16,20,21,23 

The characteristic hallmark of this syndrome is the 
aneurysmal dilatation of the pulmonary trunk and its 
main branches. It has been suggested that this mas- 
sive dilatation of the pulmonary arteries is due either 
to congenital weakness of the arterial wall???? or to 
hemodynamic effects of ventricular septal defect in 
the presence of pulmonary valve  insufficien- 
cy.!,27,36,47 The latter view appears to be more rea- 
sonable because in the majority of the cases no histo- 
logic changes of the pulmonary arterial wall were 
- found to justify such dilatation. Thus, it has been 
postulated that heart failure and pulmonary arterial 
dilatation may result from increased right ventricular 
stroke volume due to pulmonary regurgitation and 
left to right shunt through the ventricular septal de- 
fect.^" 

However, during fetal life the presence of a large 
nonrestrictive ventricular septal defect favors right to 
left rather than left to right shunt, because of the 
pulmonary valve ring obstruction and the relatively 
low placental vascular resistance.^? Interference with 
the diastolic filling of the right ventricle due to pul- 
monary regurgitation and decreased ventricular com- 
pliance may further promote more right to left shunt- 
ing at the atrial level by way of the foramen ovale.^? 
In addition, our observations and those of others 
suggest that the massive dilatation of the main pul- 
monary trunk and its branches is primarily a prena- 
tal phenomenon. Thus, it should be attributed to the 
pulmonary valve ring stenosis associated with valve 
regurgitation. 
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Role of the Ductus Arteriosus sf 3 i 
The role of the ductus arteriosus in this syndrome. 
was first discussed by Smith et al.!? They pointed out. 
that the increased pulmonary arterial pressure in 
fetal life causes marked regurgitation through the in- 
competent pulmonary valve orifice, resulting in dia- 
stolic runoff by way of the ductus arteriosus into the. 
pulmonary artery and right ventricle, and leading to 
right ventricular volume overload and fetal heart. fail 
ure. This was substantiated in only one case involv- 
ing a premature infant with absent pulmonary valve 
and intact ventricular septum.!?. However, the pauci- 
ty of cases of absent pulmonary valve with intact 
ventricular septum and intrauterine cardiac failure. 
led Lakier et al.49 to suggest that the presence of 
ductus arteriosus under these circumstances will 
“favor forward flow” rather than retrograde flow dur- 
ing intrauterine life because of the low resistance pla- 
cental circulation. The dilatation of the pulmonary 
arteries seen in cases of absence of the pulmonary 
valve and intact ventricular septum is by far less pro- 
nounced and never reaches the aneurysmal propor- 
tions seen in patients with coexisting pulmonary 
valve ring stenosis and a ventricular septal defect. 

Absence of the ductus arteriosus was first re- 
ported by Steno in 1671 as an autopsy finding in a 
grossly malformed infant with an apparent tetralogy 
of Fallot.?? Agenesis or premature closure of a ductus. 
arteriosus may lead to fetal cardiac failure and death 
in the absence of large intracardiac communica- 
tions.^^ We were able to find only seven reported 
cases of the syndrome of tetralogy of Fallot and ab- 
sent pulmonary valve??:10252829 in which no ductus. 
arteriosus was found. “Agenesis” of the ductus arteri- 
osus with the syndrome of tetralogy of Fallot and ab- 
sent pulmonary valve were observed in two infants 
with the “DiGeorge” syndrome, that is, thymic apla- 
sia or hypoplasia.?? Two additional infants with the 
latter syndrome and tetralogy of Fallot and absent 
pulmonary valve, were described?! but the report 
does not mention the status of the ductus arteriosus. — 

Absence of the ductus arteriosus in all our four in- 
fants, and its relatively large reported incidence, 
suggests that there may be a pathogenetic relation: 
between the agenesis or hypoplasia of the ductus ar- 
teriosus and the massive dilatation of the pulmonary 
arteries seen at birth in this syndrome. 

It is conceivable that the absence of the ductus ar- 
teriosus early in fetal life may contribute to develop- 
ment of the marked dilatation of the pulmonary arte- 
ries by preventing the main outlet of the right ven- 
tricular output in the presence of increased pulmo- 
nary vascular resistance. This effect will be further 
accentuated in the presence of pulmonary valve re- 
gurgitation, thus leading to a larger right ventricular. 
stroke volume. In addition, a stenotic pulmonary an- 
ulus may contribute to further enlargement of the 
pulmonary arteries through poststenotic dilatation 
and simultaneous action as a relative obstruction to 
the passive regurgitant flow, thus further promoting 





tl Ee: ADE ot the T D arteries. Moreover, 
e fact that infants with absent pulmonary valve, in- 
- act ventricular septum and patent ductus arteriosus 
à C do not manifest aneurysmal dilatation of the pulmo- 
x AM arteries supports our hypothesis: “Agenesis” of 
luctus arteriosus may be, in part, responsible for the 
development of the marked dilitation of the pulmo- 
cms arteries in utero.1?.18,22,96 
Intracardiac and Pulmonary Flow Patterns 
nt - Immediately after birth the majority of the severe- 
E affected infants with this syndrome have, in addi- 
- tion to respiratory distress, cyanosis that persists for 
E a few hours or days. The cyanosis is due to a right to 
. shunt at the ventricular level caused by the in- 
T creased total pulmonary resistance. As the pulmo- 
x "nary vascular resistance decreases postnatally, the 
: total resistance to the right ventricular output de- 
creases and thus a left to right shunt may ensue dur- 
Ad ing x systole. In addition, reduction of the peripheral 
M pulmonary vascular resistance will result in a de- 
E ease of the pulmonary valve regurgitation. The car- 
ad ac catheterization data in our series and those of 
Am thers are in agreement with this pathophysiologic 
om echanism. 
The dilatation of the pulmonary arteries usually 
E es the pulmonary trunk and one or both main 
` branches. Lakier et al.49 recently reported an associa- 
| tion between the orientation of the infundibulum and 
m pee arterial dilatation. When the infundibu- 


| T fpoststenotic jet may determine which ue ALS 
ay rteries will be dilated. In addition, they speculated 
ps a altered fetal blood flow patterns may be the 


Do of the flow pattern from the main ak: 
. artery to the right may predispose to the develop- 
- ment of an atretic portion of the origin of the left pul- 
m nary artery.440,49 


. 1. Chevers N: Recherches sur les maladies de l'artére pulmo- 

.. nàire. Arch Gen Med 15:488-508, 1847 

. Royer BF, Wilson JD: Incomplete tetralogy with unusual heart 
malformations: case report. Arch Pediatr 25:881—886, 1908 

. Kurtz CM, Sprague HD, White PD: Congenital heart diseases. 

_ Intraventricular septal defects with associated anomalies in a 

. Series of three cases examined postmortem, and a living pa- 

tient fifty-eight years old with cyanosis and clubbing of fingers. 

. Am Heart J 3:77-90, 1927 

t. Nadas AS, Rosenbaum HD, Wittenborg MH, et al: Tetralogy of 

Fallot with unilateral pulmonary atresia. A clinically diagnosable 

. and surgically significant variant. Circulation 8:328-336, 1953 

: Lavenne F, Tyberghein J, Brasseur L, et al: Complex d'Eisen- 

menger avec insuffisance pulmonaire par absence de valvules. 

.. Acta Cardiol 9:249-262, 1954 

Ee Ehrenhaft JL: Discussion on experimental pulmonary insuffi- 
pou (paom by Ellison et al). J Thorac Surg 30:641, 1955 


$, SV OE cs $^ 

hae 2 Pa ES UY RAS t yo s * 

' btt. > À es A 
ok ees Tre 


= 


Cg 
4. 


TE | 


meaty d € 


SE 


Absent pulmonary valve and rightward orientation 
of the infundibulum may result not only in a narrow- 
ing or atresia of the left pulmonary artery but also in 
the maintenance of a relatively hypoplastic ductus 
arteriosus that in utero supplies partially or totally 
the flow to the left pulmonary artery. When the ori- 
entation of the infundibulum is vertical or leftward 
and the valve ring stenosis is not severe, we postulate 
that absence of the ductus arteriosus will result in the 
very severe form of this disease. The presence in 
these cases of a ductus arteriosus of adequate size 
should provide a decompression channel and main- 
tain a forward flow as may be the case when absent 
pulmonary valve is associated with intact ventricular 
septum. Three patients in our series had a right aor- 
tic arch. The significance of this finding is not clear. 
It is possible that agenesis of the ductus arteriosus 
may be more frequent in cases with a right aortic 
arch, but this hypothesis remains to be proved.55 


Treatment 


The majority of infants with the severe form of this 
syndrome die early in infancy, mainly from severe 
respiratory distress and hypoxia. A variety of surgical 
procedures, such as aneurysmorhaphy; aneurys- 
mectomy with suspension of the pulmonary artery to 
retrosternal fascia,*? and transection of the dilated 
pulmonary arterial segment together with an anasto- 
mosis to either the superior vena cava or the main 
pulmonary artery, have been suggested for the relief 
of the respiratory obstruction.?^46 However, the re- 
sults have been far from satisfactory. Definitive cor- 
rection of the lesion with or without replacement of 
the pulmonary valve has been performed in older pa- 
tients, with an encouraging outcome. Seven patients 
with total correction including replacement of the 
pulmonary valve have been described since 1968. Re- 
sults were good in five patients who had an aortic ho- 

mograft?9^4^49$ and two who had a porcine aortic 
valve.*^^7 Definitive surgical correction, even for the 
most severely affected neonates using deep hypother- 
mia, has been recently suggested by Todd et al.,52 but 
experience with this procedure has not been reported 
thus far. 
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Selected specimens of truncus arteriosus communis illustrate a spec- 
trum of anomalous truncoconal septation in which the conal and trun- 
cal septal defects are so closely approximated to the truncal valve that 
portions of the valve tissue extend along the free margins of the adja- 
cent ventricular or truncal septum. 


In truncus arteriosus communis the defects in the truncal and conal 
septa are usually so large that the truncal valve is an isolated struc- 
ture guarding the outflow tract common to the right and left ventri- 
cle. 

In a recent cooperative review of specimens with truncus arterio- 
sus,! it was discovered that a group of heart specimens constituted a 
spectrum that represents a transition between aorticopulmonary and 
conal (supracristal ventricular) septal defect. In these hearts the 
truncal valve was closely associated with either the truncal or conal 
septum. 'T'hese cases are the subject of this report. Only the pertinent 
data related to the size of the truncal and conal septal defects will be 
presented. 


Description of Specimens 


Case 1. Large conal septal defect associated with small truncal sep- 
tal defect (Fig. 1): The septal band of the crista supraventricularis proceed- 
ed upward from the septum toward the base of the heart, where it bifurcated 
into two limbs between which lay the large conal septal defect. The lower 
prong of the septal band met a parietal band whose direction of fibers was at 
right angles to the usual direction. Distal to the truncal valve, the common 
trunk immediately divided into two channels (Fig. 1): a larger aortic channel 
and a smaller pulmonary channel, separated by an arched septum. Thus the 
truncal septum extended proximally to a point very near the truncal valve so 
that the truncal septal defect was small. There was a greatly thickened quad- 
ricuspid valve. A small amount of valve tissue inserted on the base of the free 
margin of the truncal septum. The pulmonary channel was situated anterior- 
ly and to the right. The pulmonary portion was thus close to the right ventri- 
cle. 


Case 2. Large truncal septal defect associated with a small conal 
septal defect (Fig. 2): The septal band proceeded to the base of the right 
ventricle in the usual manner. Its upper portion was covered by valve tissue 
that inserted on the margin of the ventricular septal defect. The latter was 
small. Only a small part of the upper portion of the parietal band met a small 
portion of the septal band to form a small arch of musculature, which was 
also covered by valve tissue, similar to that described on the septal band. 
There was a greatly thickened quadricuspid valve. One portion of the com- 
mon trunk gave off the innominate artery; the other portion gave off the 
right and left pulmonary arteries separately and a ductus arteriosus that was 
relatively short. The ductus continued into the descending aorta. 

In this case the truncal septal defect was large. In contrast, the conal septal 


. defect was small and located so close to the truncal valve that ridges of trun- 


cal valve tissue extended proximal from the anulus onto the crest of the conal 
septum, partially covering it. 
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Case 3. Large truncal defect associated with an al- 
most absent conal septal defect (Fig. 3): A similar but 
accentuated form of this type of heart was found in this 
case. ''he septal band was in its usual position consisting of 
several parts. The parietal band was likewise in its usual 
position, but its direction of fibers was more or less at right 
angles to its usual direction. Since the union of these bands 
was shallower than usual, the ventricular septal defect was 





FIGURE 1. Case 1. Large conal septal defect associated with small 
truncal septal defect. A — aortic component of truncus; CD — conal 
septal defect; P = pulmonary component of truncus; PB = parietal 
band; RV = right ventricle; SB = septal band; TD = truncal septal 
defect; V — valve tissue inserting on the aorticopulmonary septum. 





FIGURE 2. Case 2. Large truncal septal defect associated with a 
small conal septal defect. TV — truncal valve; V — valve tissue in- 
serted on ventricular (conal) septal defect; other abbreviations as in 
Figure 1. 


TRUNCUS ARTERIOSUS COMMUNIS—ROSENQUIST ET AL. 


small. The common vessel that emerged from the ventricu- 
lar chambers was divided by a shallow arched septum into 
a pulmonary portion and an aortic portion. The pulmonary 
portion was somewhat smaller than the aortic portion. Two 
pulmonary arteries were given off close to each other from 
the pulmonary portion. There were two lateral cusps 
shared by the aortic and pulmonary portions of the truncus 
and one anterior cusp for the pulmonary and one posterior 








pecs ace e 


truncal septal defect associated with a 
small or absent conal septal defect. V — valve tissue on the conal 
septum. Other abbreviations as in Figure 1. 


FIGURE 3. Case 3. Large 





FIGURE 4. Case 4. Small truncal and small conal septal defect. TV 
— truncal valve; V — valve tissue on the conal septum. Other abbre- 
viations as in Figure 1. 
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TRUNCUS ARTERIOSUS CONE CROSERQUET ET AL. 


cusp for the aortic portion of the truncus, with an almost 
absent conal septal defect. Thus in this specimen the trun- 


- cal valve lay on the crest of the conal septum (Fig. 3). 


Case 4. Small truncal septal defect and small conal 
septal defect (Fig. 4): The septal band was greatly hyper- 
trophied and divided into two prongs, with a small conal 


___ septal defect lying between them. On top of the conal sep- 
' tal defect, farther to the right, valve tissue adhered to the 
— summit of the septal band. An aorticopulmonary septum 
—- extended downward, dividing the truncus into two parts. 
~ This septum lay close to the truncal valve. Thus there was 


a small truncal defect. The valve itself was tricuspid and 


- greatly thickened. The common trunk emerged in an over- 
- riding position with the pulmonary portion facing mostly 


the right ventricle. There was no valve tissue on the truncal 


` septum. 


Discussion 


The conotruncal portion of the embryonic heart 
begins to divide into two channels beginning at the 6 


Mamm stage by the appearance of spiraling ridges of 
cushion tissue.2~* When these ridges fuse, the cono- 
- truncus becomes divided into a ventral portion that 
. will lead from the right ventricle into the sixth arch- 
- es, and a dorsal portion that will lead from left ven- 
_ tricle into the fourth arches. Approximately midway 
- between the sinuses of the ventricles and the aortic 
. arches the mounds of endocardial cushion tissue ac- 


cumulate to form the anlage of the future aortic and 


- pulmonary valves. In the region distal to these valve 


anlagen cushion tissue fuses to form the truncal sep- 


1. Bharati S, McAllister HA, Rosenquist GC, et al: The surgical 


. anatomy of truncus arteriosus communis. J Thorac Cardiovasc 


— Surg 67:501-510, 1974 
dus Odgers PNB: The development of the pars membranacea septi 
dn the human heart. J Anat 72:248-259, 1938 
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tum; in the region proximal to the future outflow 
valves, the ridges fuse to form the conal septum. Fail- 
ure of these ridges to fuse above the future valves will | 
result in a truncal septal defect that, if isolated, will 
be an aorticopulmonary septal defect. Failure to fuse 
below the valves will result in a conal septal defect 
that, if isolated, will be a supracristal ventricular sep- 
tal defect. If the level of the valve is included in the 
defects, truncus arteriosus results. 

These four specimens constitute a spectrum of 
valve anomalies in truncus arteriosus. At one end of 
the spectrum are the specimens in which the conal 
septal defect is small and so closely approximated to 
the truncal valve that valve tissue extends onto the 
free edge of the conal septum; very rarely the conal 
septal defect may be practically closed, as in Case 3. 
At the other end of the spectrum is that specimen in 
which the truncal septal defect is small, as a sizable 
aorticopulmonary septum extends downward. A 
small amount of valve tissue extends upward on the 
truncal septum. Case 4 presents a small conal and a 
small truncal septum, showing similarities to the 
other cases. 

Precise definition of the anatomy may be useful in 
these lesions, possibly permitting alternatives to the 
Rastelli procedure in their repair. For example, con- 
sideration might be given to closing the conal or the 
truncal septum, or both, and either dividing the trun- 
cal valve into two functional units or replacing it with 
separate prosthetic aortic and pulmonary valves. 
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The clinical and laboratory findings diagnostic of acute myocardial in- — 
farction include at least two of the following: (1) a history of pain con- — 
sistent with myocardial ischemia, (2) electrocardiographic findings — 
consistent with infarction, and (3) a rise in the serum level of specific 
cardiac enzymes. By the 4th or 5th day of illness, specific criteria can 
be applied to assign certain patients to a subset with “uncomplicated 
completed acute myocardial infarction." These criteria include the ab- 
sence of evidence of (1) continuing cardiac ischemia, (2) left ventricu- 
lar failure, (3) shock, (4) important cardiac arrhythmias, (5) conduc- 
tion disturbances, and (6) other serious illnesses in patients with an — 
established acute myocardial infarction. 

In terms of prognosis and management, patients in this subset - 
should be regarded as substantively different from patients in other 
subsets. They should respond favorably to short periods of immobiliza- 
tion and hospitalization than those generally used. They may remain at 
bed rest (modified in regard to sitting and the use of a commode) for4 
days. Subsequently, mobilization with a program of progressive activity 
over the ensuing 5 to 10 days should reduce the duration of hospitali- — 
zation to less than the current average of 17.5 to 20.8 days for patients 
with acute myocardial infarction. Nine to 14 days should suffice in — 
most instances. us 

Current and future trials may indicate that still earlier mobilization — 


and shorter hospitalization periods can be applied to certain patient . 


groups, but the evidence on this point is incomplete. For the individual 
patient, many factors will determine the optimal duration of bed rest — 
and hospital stay. The patient's physician must consider the therapeu- 
tic benefits that may attend earlier mobilization and shorter hospital- — 
ization while weighing potential disadvantages. When the responsible 
physician does not regularly care for the patient, consultation with an 
experienced cardiologist is desirable. 

Patients whose condition is classified as “uncomplicated” may 
manifest deterioration during their illness and require assignment to a | 
subset with a different prognosis and requiring different forms of treat- 
ment. For patients with uncomplicated acute myocardial infarction, as 
well as those in other subsets, absolute rules for therapy are unwise — 
and application of broader principles by the alert physician is more 
likely to be beneficial. 


A wide variety of important clinical events may be caused by athero- 


sclerotic narrowing of the coronary arteries sufficient to reduce blood 
flow below levels required for functional and metabolic stability of 
the myocardium. Of these, the most readily, and hence most fre- 
quently, recognized are angina pectoris and its variants and acute 
myocardial infarction. This study conducted at the request of the Na- 
tional Heart and Lung Institute, draws attention to a group of pa- — 
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"UNCOMPLICATED COMPLETED ACUTE MYOCARDIAL INFARCTION’ '  SWAN ET AL. 


by exclusion of identifiable adverse faatoro, may be 
- classified as “uncomplicated” by the 4th or 5th day 
of their illness. As a group, this subset of patients 


with coronary artery disease, whose illness we term 


"uncomplicated completed acute myocardial infarc- 


tion," has a relatively benign course and a relatively 


favorable hospital and long-term prognosis. This re- 


. view may help to establish general guidelines for the 
— optimal time for mobilization and the duration of 
- hospital stay of such patients. As discussed later, the 
- therapeutic needs of individual patients require con- 


sidered judgment by the personal physician. 

Many of the manifestations of coronary artery dis- 
ease associated with an unstable relation between 
metabolic needs and available blood flow, but with- 
out a completed infarction as defined herein, may 


have a less favorable course and prognosis than un- 
complicated completed myocardial infarction.!-* Al- 


though commentary on the hospitalization of pa- 


- tients with such syndromes is not the purpose of this 
report and optimal treatment in these cases is incom- 
- pletely defined, the Ad Hoc Committee strongly be- 
. lieves that the recognition and management of such 
syndromes is a heavy reponsibility for practicing 
— physicians. It can be discharged effectively only with 
A an understanding and application of new knowledge 
of the pathophysiology of coronary artery disease? 


-and the factors that jeopardize or benefit ischemic 
myocardium. 6 


| Definitions 

For the purposes of discussion, we will identify 
here the diagnostic criteria for (1) acute myocardial 
"infarction, (2) completed acute myocardial infarc- 
. tion, and (3) the subject of our review, uncomplicated 
completed acute myocardial infarction. 


. Acute Myocardial Infarction 


- The clinical and laboratory findings diagnostic of 
B isdte myocardial infarction include at least two of 
Kithe three following criteria: First, a history of chest 
pain that is consistent with myocardial ischemia. The 
pain may vary in severity, location, quality and dura- 
tion, but it is usually severe, substernal and compres- 
sive, lasting 30 or more minutes; it is frequently con- 
trolled within 4 to 6 hours by suitable medication and 
bed rest. Second, an initially normal or abnormal 
| electrocardiogram, evolving over a period of 48 to 72 
. hours in a specific sequence that includes develop- 
. ment of new Q waves in appropriate leads. Third, a 


| heh aiatteristic rise and fall in the serum levels of spe- 
n cific cardiac enzymes (when correctly determined) 
_ for which there is no other obvious cause. 


$ 


The most variable of these three criteria is the clin- 


- ical history of chest pain since acute myocardial in- 


farction may occur without symptoms sufficient to 
concern the patient and may be identified only later 
by changes in the electrocardiogram. In the absence 
of newly developed Q waves, but with typical pain 


. and serum enzyme changes, alterations of S-T seg- 
. ments and T wave inversions may be taken to indi- 


cate nontransmural in contrast to transmural infarc- 
tion. For diagnosis of acute myocardial infarction, 
many physicians regard the collection of one or two 
blood samples for enzyme determination as ade- 
quate, but several samples may be needed to estab- 
lish the diagnosis in some patients. Isolated values 
are of significance when they are elevated above the 
normal range and related in time to other events. The 
demonstration of an increase in enzyme level fol- 
lowed by a decrease is of stronger diagnostic signifi- 
cance. Àn improved specificity in terms of a cardiac 
source for enzyme elevation may be obtained by mea- 
surement of the levels of the isoenzymes of creatine 
phosphokinase (CPK) and lactate dehydrogenase 
(LDH). 


Completed Acute Myocardial Infarction 


The persistence of pain of myocardial origin after 
48 hours—excluding pain of pleural or pericardial 
cause—may be indicative of continuing ischemia. Pa- 
tients with such pain may not be in a stable state and 
cannot be classified as having completed myocardial 
infarction. The absence of cardiac pain without the 
administration of pain-relieving drugs when pain had 
been a symptom is suggestive evidence that the in- 
farction process is essentially completed and that tis- 
sue repair is proceeding. A decline in the previously 
elevated serum enzyme levels and evolution or nor- 
malization of the electrocardiogram is supportive of 
this supposition. 


“Uncomplicated Completed Acute Myocardial 
Infarction” 


The assignment of a patient with completed acute 
myocardial infarction to the “uncomplicated” subca- 
tegory is based upon the absence of specific clinical, 
laboratory and electrocardiographic criteria. The 
presence of any of the following states requires clas- 
sification in a category other than “uncomplicated 
completed.” The Committee believes that optimal 
categorization can be achieved on the 4th or 5th day 
after the onset of symptoms but that the benefits of a 
policy of earlier categorization are not at present sub- 
stantiated. 

The following states preclude classification as “un- 


: complicated”: (1) Evidence of continued cardiac isch- 


emic or recurrent infarction, including persistent car- 
diac chest pain, an unusual magnitude of elevation of 
cardiac serum enzyme levels or a second rise or unex- 
pected persistence or elevation of a specific enzyme, 
otherwise unexplained. (2) Evidence after 48 hours of 
left ventricular failure and persistent pulmonary con- 
gestion, which may include tachycardia, persistent 
third heart sound, gallop, new or changing cardiac 
murmurs, persistent abnormal mid-zone rales for 
which no primary pulmonary cause can be defined 
and persistent clinical or radiologic evidence of pul- 
monary congestion. (3) Evidence of more serious cir- 
culatory impairment, including hypotension, pallor, 
coldness of the limbs and oliguria indicative of devel- 
oping or established cardiogenic shock, as well as ele- 
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vated jugular venous pulse, hepatomegaly and pe- 
ripheral edema indicative of right heart failure. (4) 
Evidence of important disturbances of cardiac 
rhythm, including persistent premature ventricular 
contractions in excess of 6 beats/min, coupled or mul- 
tifocal premature ventricular beats, atrial, junctional 
or ventricular tachycardia, atrial flutter or fibrilla- 
tion, or intermittent or persistent sinus tachycardia 
not otherwise explained. (5) Evidence of atrioventric- 
ular (A-V) or intraventricular conduction defects, in- 
cluding second and third degree A-V block and the 
new development of right or left bundle branch 
block. (6) Evidence of recent severe, ongoing pleurisy 
or pericarditis. (7) Evidence of important dysfunc- 
tion of other organ systems, including serious disease 
of the lungs, kidney, gastrointestinal tract, circula- 
tion to the brain and limbs and peripheral venous 
thrombosis. 

Hence, it is possible to identify a subset of patients 
on the 4th or 5th hospital day who have sustained an 
acute myocardial infarction as defined heréin and 
whose condition can be designated uncomplicated, by 
reason of the absence of continued ischemia, pump 
failure of the heart, electrical instability or other ad- 
verse features. If, in the further course of the illness, 
such a patient manifests evidence of adverse change, 
he is then excluded from the subset of uncomplicated 
infarction and must be reclassified in an appropriate- 
ly different subset with a more specific prognosis and 
different treatment needs. 


Influence of Adverse or Unfavorable Factors on 
Admission 


Separately, certain historical and risk factor char- 
acteristics in patients admitted to the hospital with 
suspected or acute myocardial infarction are associ- 
ated with a significantly increased hospital mortality. 
These factors include age, previous myocardial in- 
farction, previous heart failure and serious arrhyth- 
mias, as well as chronic lung disease, cerebral vascu- 
lar disease and its complications, and renal disease. 
Patients with factors adversely related to surviving 
an acute myocardial infarction are less likely than 
other groups to be included in the subset of patients 
with uncomplicated completed myocardial infarction 
although the presence of such factors does not in it- 
self remove a patient from the uncomplicated cate- 


gory. 


Previous Studies on the Time of Mobilization and 
Duration of Hospitalization 


An editorial from Lancet® dated March 9, 1974 
succinctly summarizes the history of immobilization 
after acute myocardial infarction: “As the condition 
[acute myocardial infarction] became increasingly 
recognized, the period of immobilization was extend- 
ed and for many years, 6 weeks’ absolute rest was ad- 
vocated—largely because this is the time for conver- 
sion of necrotic myocardium into scar tissue." Pro- 
longed immobilization was thought to reduce the 
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possibility of cardiac rupture or the development of i 
cardiac aneurysm. The editorial continues: “In 1952. 
Levine and Lown? reported success with a chair regi- 
men giving a much shorter period of immobilization; 
about three to four weeks immobilization (hospitali- 
zation) was still the rule. For the next decade there 
was no uniform policy, no logical thought or evidence, 
on the period of immobilization .... then in 1967, 
and again in 1971, logic turned. Grodin!? and Har- 
pur!! and co- workers compared results with different 

periods of immobilization. They and subsequently 

other groups have demonstrated the futility of pro- 
longed immobilization; early mobilization after cardi- 
ac infarction did not increase the incidence of heart. 

failure, cardiac rupture, or aneurysm as was once. 

claimed." Although the editorial failed to identify the - 

importance of specific subgroups, including a defini- 

tion of *uncomplicated," the implications of its con- í 
tent are evident. 

Regarding subgroups, in 1958 Prinzmetal et alt? 
identified certain patients who could be classified as 
having “mild” myocardial infarction on clinical 
grounds: “The ultimate purpose of attempting to 
identify ‘mild’ cases is to try to improve upon the 
usual methods of management of these patients.” 
After 2 weeks of rest in bed or a chair, a gradual re- 
sumption of normal activities is begun. The authors 
stated: “Such short-term therapy is considered only. 
in patients with ‘mild’ myocardial infarction. If the 
classification is questionable in any given case, the 
patient is treated in the conventional manner." 
Clearly Prinzmetal et al. classified their patients dur- 
ing the early course of the illness into an “uncompli- 
cated” subgroup by exclusion of adverse features and 
reported a favorable course and short-term outcome. . 

The medical literature is now further selectively 
considered in regard to uncontrolled experiences, 
controlled studies and the pattern of physician prac- 
tice. 


Uncontrolled Studies 


Early uncontrolled studies provided useful infor- 
mation on the optimal time of mobilization and dura- 
tion of hospitalization. In 1956, 1961 and 1966, 
Brummer and co-workers!?-15 reviewed their experi- 
ence with three groups of patients with acute myo- 
cardial infarction treated during three different time 
periods roughly 5 years apart. The groups were com- 
parable in most respects and the duration of bed rest 
decreased from a mean of 16.2 days in 1952 to 10.3. 
days in 1964. The average duration of hospitalization . 
correspondingly decreased from 22.6 to 18.9 days. 
during the same time period. There was no signifi- - 
cant difference in outcome some 10 years later be- 
tween the patients with relatively early mobilization © 
and discharge and those who spent an average of 
about 6 additional days in bed and 4 additional days _ 
in the hospital. 

In the study of Boyle et al.,!6 18 percent of patients - 
with acute myocardial infarction surviving for 1 week 
or longer were discharged by the 7th day and 62 per- 
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5$ cent spent 10 days or less in the hospital. In analyz- 
j^ ing the course of these patients, the authors related 
ie ‘outcome during the period extending from the end of 
X . the 1st week to 3 months after infarction to five prog- 
D nostic factors. These factors were: (1) a Norris prog- 
nostic index greater than 6; (2) significant arrhyth- 
. mias during the period of monitoring (dangerous ven- 
- tricular ectopic activity, second and third degree A-V 
E block, and bundle branch block); (3) persistent sinus 
| tachycardia; (4) persistent S-T segment elevation; 
E and (5) recurrent ischemic pain or arrhythmias. The 
_ last three factors identified a particularly high risk 
. group. All patients who died between the 1st week 
` and 3 months after infarction had one or more of 
ag -these three adverse factors. 
. More recently, this group (Chaturvedi et al.,!7 
1974) reported a prospective study of the morbidity 
and mortality in a subsequent series of 275 patients. 
4 "The following clinical *adverse factors" were identi- 
ct fied: (1) presence of sustained sinus tachycardia, last- 
T ing at least 1 hour in the first 48 hours in the hospi- 
tal; (2) persistence of S-T segment elevation greater 
Sd 2 mm in any lead (except aVR) 6 days after in- 
P . farction; (3) occurrence of severe cardiac pain after 
- 48 hours and before 7 days after the infarction; and 
(o certain arrhythmias (essentially those described 
_ by Hutter et al.,!8 together with more advanced de- 
- grees of heart block and left or right bundle branch 
- block) after 48 hours and before 7 days after infarc- 
om Patients without any of these risk factors were 


THER 


mobilized and allowed home by the 7th day. Thus, 68 
percent of these patients were discharged by the 7th 
Ds day, and 94 percent by the 9th day after infarction. 
_ As a group these patients constituted 40 percent of 
E the total of 275 admissions. They had no mortality at 
`. 3 months and a 2 percent mortality rate at 12 
. months. In contrast, patients with three risk factors 
E (10 percent of admissions) had a 3 month mortality 
* rate of 21 percent with one additional patient death 
P at 1 year. Thus, a simple selection procedure allowed 
for the safe discharge of a significant group of pa- 
tients after approximately 1 week in the hospital. 
5 Adgey!? reported on a group of 102 patients with 
| uncomplicated myocardial infarction constituting 55 
E percent of all patients in his study under age 70 years 
1 with infarction. These 102 patients were discharged 
from the hospital between 3 and 18 days (mean 13.1 
pays) after admission. No patient died within 2 
— weeks after discharge, and Adgey could not detect in 
Es 2 week period an appreciable morbidity that 
- might have been prevented with a longer hospital 
ur 
Royston?? reported the results of treatment of 200 
à consecutive male patients. After a minimal period of 
bed rest, mobility was increased, progressing to activ- 
~ ity under the supervision of a physiotherapist, with 
- the objective of discharge home on the 11th to 14th 
n day (achieved in 41 percent of survivors). With use of 
Š rather nonspecific criteria, 52.5 percent of the pa- 
d tients were considered to have sustained a “mild,” 
hes percent a “moderate” and 4 percent a “severe” 
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myocardial infarct. Twenty-nine patients (15 per- 


cent) died in the hospital, 9 with a mild, 19 with a 
moderate, and 1 with a severe infarct. The mortality 
rate was 4 percent in patients under age 55 years and 
21 percent in those over age 55. Twenty-two of the 29 
deaths occurred while the patients were still confined 
to bed. Royston concluded that a shorter stay in bed 
did not influence mortality. Of the 171 survivors, 14 
(8 percent) were discharged 10 days and 54 (31 per- 
cent) between 11 and 14 days after admission. 

Tucker et al.?! reviewed the cases of 342 men ad- 
mitted to a coronary care unit and treated with early 
mobilization and discharge. The mean duration of 
hospitalization was 8.4 days, and 89 percent of the 
survivors were discharged by the 10th day. The hos- 
pital mortality rate was 15.5 percent; an additional 
and significant 6.7 percent of patients died during 
the 6 week follow-up period for a total mortality rate 
of 22.2 percent. This group applied a policy of early 
mobilization and discharge in patients with both 
complicated and uncomplicated myocardial infarc- 
tion, yet only 31 patients (9.1 percent) were hospital- 
ized for more than 10 days for a variety of complica- 
tions. 

McNeer et al.?? ael uded the course and outcome 
of all patients with an established completed myocar- 
dial infarction admitted directly to a coronary care 
unit between 1967 and 1973. Patients transferred 
from other hospitals or other wards because of com- 
plications were excluded. Serious complications of in- 
farction were defined as death, ventricular tachycar- 
dia or fibrillation, second or third degree A-V block, 
pulmonary edema or shock, atrial flutter or fibrilla- 
tion, and extension of infarction. Of the 522 patients, 
241 had one or more of these complications, and at 
least one of these complications occurred during the 
first 4 days of hospitalization. The remaining 281 pa- 
tients had an uncomplicated infarction as defined by 
the absence of any of these events by the 4th hospital 
day. After day 4 there were no hospital deaths or 
later serious complications in this group. Of patients 
with complicated infarction who survived the first 4 
days, 10 percent later (after day 4) died in the hospi- 
tal and 51 percent had later serious complications. 


Controlled Studies 


Controlled studies provide more definite demon- 
stration of the efficacy and safety of earlier mobiliza- 
tion and a shorter period of hospitalization. Groden 
et al.!? classified 105 male patients into two groups— 
Group A and Group B—according to which of two 
consultants cared for the patients. Group A patients 
were mobilized on the 25th day and allowed to go 
home on the 36th day. Group B patients were mobi- 
lized on the 15th day and allowed to go home on the 
22nd day. There were no subsequent differences in 
mortality or morbidity in the two groups. 

Harpur et al.!! reported randomization by alloca- 
tion to one of two hospitals, each hospital receiving 
patients on alternate week days and alternate week- 
ends. Patients were excluded who had ventricular a- 
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_ systole, fibrillation or tachycardia during the first 48 
hours after admission or who, at 48 hours, had clini- 
L cal evidence of left ventricular failure or were hypo- 
: tensive with a systolic blood pressure of less than 90 
mm Hg. All patients were treated initially with 7 
days of bed rest. A group of 95 patients were subse- 
quently mobilized on day 8 and discharged on day 15; 
and a second group of 104 patients were mobilized on 
day 21 and discharged on day 28. There was no sig- 
nificant difference in mortality or morbidity between 
the two groups either during the hospital course or in 

a subsequent 2 year follow-up period.?? 

Boyle et al.” conducted a prospective study of 
early mobilization after uncomplicated myocardial 
infarction in 538 patients admitted to the Royal In- 
firmary in Glasgow.?* An additional 245 patients (32 
percent of all admissions) were excluded because of 
complications. All patients were under age 70 years 
and were assigned by balanced randomization on the 
7th day into one of two groups. Group A was permit- 

N ted to sit out of bed for 30 minutes on day 7 and 
walked on day 11. These patients were discharged on 
the 21st day. For Group B mobilization was started 
on the 21st day and patients were discharged on the 
28th day. Again, there was no significant difference 
between the two groups with respect to mortality or 
morbidity at 28 days, 3 months or 1 year. 

Hutter et al.!? compared a 2 week and 3 week hos- 
pital stay in 138 patients with uncomplicated myo- 
cardial infarction. The exclusion rate was high; of 925 
patients with definite myocardial infarction, 787 (85 
percent) were rejected because of a complication of 
myocardial infarction (50 percent), death from in- 
farction (12 percent), prior infarction within 6 
months (8 percent), other" medical problems requir- 
ing prolonged hospitalization (8 percent) and social 
reasons (7 percent). The complications included ven- 
tricular fibrillation, tachycardia or asystole, second 
degree heart block, complete heart block, persistent 
ventricular premature beats at a rate of more than 
5/min, continued requirement of antiarrhythmic 
therapy into the 5th day, congestive heart failure per- 
sisting into the 5th day, continuing hypotension re- 
quiring vasopressor agents, thromboembolic compli- 
cations during the first 5 days, ongoing or continuing 
angina pectoris, and the occurrence of any episodes 

- of infarction within the preceding 6 months. 

The remaining 138 patients were reexamined on 
the 6th day. Patients of comparable age and sex were 
randomly assigned in pairs—one to the 2 week and 
one to the 3 week group—for subsequent paired se- 
quential analysis. The 2 week group was gradually 
mobilized, walking on days 12 and 13 and discharged 
on day 14. In the 3 week group, patients walked on 
days 17 to 20 and were discharged on day 21. There 
was no difference in mortality or morbidity between 
the two groups during the hospital stay and in the 
subsequent 6 month follow-up period. There was also 
no significant difference in rate of return to work, 

anxiety or depression. The overall mortality rate at 
.24 weeks was 5.6 percent with essentially an equal in- 
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cidence of recurrent acute myocardial infarction E 
congestive heart failure. at 

In the study of Bloch et a1?» 154 patients under. 
age 70 years who had no complications on days 1 or 2- 
were randomly assigned to one of two treatment. 
groups. The early mobilization group began increas- 
ing activity on day 2 or 3 using the 14 step program of 
Wenger et al.,26 which was subsequently condensed. 
to a 9 step program. Patients were seated in an arm- 
chair at the end of the 1st week and walked at the be- 
ginning of the 2nd week. Progressive mobilization 
was then continued until the patient was able to 
climb three flights of stairs without difficulty using a 
continuously monitored telemetered electrocardio- 
gram. The average duration of hospitalization in this 
early mobilization group was 21.3 days. The control 
group received “traditional” therapy, consisting of 35 
weeks in bed, including use of the bedpan. Progres- 
sive mobilization was then continued beginning at 
the start of the 4th week. The average duration of 
hospitalization in the control group was 32.8 days. ! 
significant difference in mortality or mobidity was 
found between the two study groups during the hos- 
pital stay or a follow-up period that averaged 11.2 
months. | ve 

A shorter period of immobilization and hospital- 
ization was studied by Hayes et al.” One hundred 
eighty-nine of a total of 268 patients with definite 
myocardial infarction who had survived 48 hours 
after admission to a coronary care unit were random- 
ly assigned to early or late mobilization. One hundred 
seven patients were mobilized after 48 hours. No re- 
strictions were placed on their activity, and they were 
discharged 9 days after admission to the hospital. 
The remaining 82 patients (late mobilization) were 
confined to bed for the first 7 days after transfer at 
48 hours from the coronary care unit. On the 9th day 
they were allowed unrestricted activity and they were 
discharged on the 16th day. There was no significant. 
difference in the characteristics of the patients allo- 
cated to the early or late mobilization programs, and 
there was no difference between the groups in the in- 
cidence of death, the development of venous throm- 
boembolism, chest pain, heart failure or dysrhyth- 
mias. Eighteen percent of the patients either died or 
had a complication needing treatment during the 
first 9 days of their illness unrelated to the time of 
mobilization, although they had been apparently well 
and without complications at 48 hours. Hayes et al. 
concluded that there is no disadvantage to early mo- 
bilization, but their data do not support the advis- 
ability of discharge from the hospital prior to the 9th 
day of illness. d 
Survey of Physician Practices | 

In 1971, Duke?? examined the policies of 11 physi- 
cians in a single hospital in treating patients 65 years. 
of age and younger with a diagnosis of acute myocar- 
dial infarction. The duration of bed rest ranged be- 
tween 7.4 and 15.2 days, and the mean duration of 
hospitalization for all patients was 24.6 days. No rec- 
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4 ognizable differences in patient population could be 
. delineated to account for this marked discrepancy in 
_ physician practices. Wenger et al.?? reported the re- 


sults of a nationwide questionnaire survey made in 


- 1970 of physician practices in the management of un- 
- complicated myocardial infarction. They requested 
information from 1,200 general practitioners, 1,200 
— internists and 1,200 cardiologists. Sixty-nine percent 
. responded, representing the management of approxi- 


mately 70,000 patients. Management practices were 


similar among physician groups. Most physicians 
_ permitted use of the chair commode by day 3, self- 


care in bed by day 5, sitting in a chair by day 8, bath- 


- room privileges by day 12 and walking in the room by 
- day 14. The median hospital stay was 24.6 days. 


Data reported by 1,425 Professional Activity Sur- 


-vey (PAS) hospitals for January through December 
- 19729? revealed that patients aged 35 years and over 


with an acute myocardial infarction (not operated 


. on) had an average hospital stay of 17.5 to 20.8 days, 
- increasing according to age and single or multiple di- 
. agnostic categories. However, this range of average 


stay was strikingly lower in the West (14.1 to 16.8 


_ days) and South (15.1 to 20.1 days) than in the East 
-. (19.3 to 22.5 days). In 226 PAS hospitals in Canada 
the average stay was 20.4 to 24.9 days. 


Rose?! recounted the existence of major differ- 


ences in current clinical practice but noted the strong 
trend toward a less restrictive approach. Indeed, he 
- suggests that the onus of proof is now on the more 
. conservative physician who must demonstrate that 
_ restrictions placed on the patient's activities are ben- 


 eficial. 


Conclusions and Recommendations 
We conclude from the available reports and our ex- 


' periences that there is no evidence of adverse out- 
come in patients with uncomplicated completed 
. acute myocardial infarction associated with early mo- 


bilization even when “uncomplicated” is not strictly 


or uniformly defined. If by the 5th hospital day no 
- complication is evident, mobilization by the 7th to 
-= 10th day and discharge from the hospital by approxi- 


mately the 14th day is not associated with increased 


- risk. However, coronary artery disease and its com- 
. plications are infinitely complex in their manifesta- 
- tions and clinical course, and the responsible physi- 
- cian must exercise considered judgment pertaining to 
- the individual patient. Further carefully subcategor- 

ized data may justify a general policy of still earlier 
. discharge for certain patients. 


Practitioners with limited experience in the man- 


. agement of such patients should exercise caution re- 
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garding earlier discharge, and it might be prudent to 
extend the hospital stay by 2 to 3 days in such cir- 
cumstances. When available, a more experienced 
consultant should be asked to provide appropriate 
classification of patients with acute myocardial in- 
farction early in the illness as well as evaluation be- 
fore early discharge. 

Early discharge to a favorable environment after a 
program of progressive mobilization may not be pos- 
sible in all social circumstances. These include ad- 
verse factors in the physical environment of the 
home, and the age and state of health of other family 
members. The shorter period of immobilization and 
hospitalization may be better for the patient’s well 
being “. .. provided the advantages are not lost when 
he is discharged, because of an atmosphere of anxiety 
in his home, unnecessary restrictions by the family 
doctor, or an employer's prejudice.” °° Hence, indi- 
vidual circumstances relative to the course of the ill- 
ness and the patient’s social and economic environ- 
ment still require that the patient's personal physi- 
cian be responsible for decisions concerning mobiliza- 
tion and discharge. Physicians in general practice, 
family practice, internal medicine and cardiology 
need to acquaint themselves with the diagnostic 
characteristics of this subset of patients with uncom- 
plicated completed acute myocardial infarction and 
to develop local guidelines in their own community 
hospitals. In particular, the potential benefit of phys- 
ical, social and psychological rehabilitation by a 
structured group within a community hospital is 
worth considerable attention. The multiple aspects of 
rehabilitation of the patient with acute myocardial 
infarction are now more generally recognized by phy- 
sicians, some of whom are devoting particular atten- 
tion and expertise to this field. 

Carefully selected patients with uncomplicated 
myocardial infarction whose illness appears to have a 
relatively benign natural history can tolerate shorter 
periods of immobilization and hospitalization than 
the 14 to 21 day programs generally practiced hereto- 
fore. It is unlikely that the temporal requirement for 
arrhythmia monitoring, and hence the duration of 


.coronary care unit observation, will be substantially 


reduced, since dysrhythmias may occur in patients 
with an otherwise uncomplicated condition at any 
time in the first 48 to 72 hours after the onset of 
symptoms and before the infarction process is com- 
pleted. Specific studies related to the effective in- 
hospital and post-hospital rehabilitation programs on 
the course of illness in such patients, appears to be 
the next logical extension of the treatment of pa- 
tients with coronary disease. 
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Long-Term Propranolol Therapy for Angina Pectoris 


Sixty-three patients with stable, severe typical angina pectoris (New 
York Heart Association functional class Ill or IV) were treated with 
propranolol and studied prospectively with a follow-up period of 5 to 8 
years to assess the rate of complications and long-term effectiveness 
after an initial control period. The patients' mean age was 56 years; 
the mean daily dose of propranolol was 255 mg. The average yearly 
mortality rate was 3.8 percent with a cumulative 5 year mortality rate 
of 19 percent. Patients whose reduction of angina with propranolol 
was less than 50 percent had a nearly four-fold greater mortality rate 
than those whose reduction was 50 percent or more (P <0.01). Thirty- 
two percent of patients per year were angina-free with propranolol and 
84 percent per year had 50 percent or more reduction in anginal epi- 
sodes. There was no evidence for tachyphylaxis. Heart failure devel- 
oped in 25 percent of patients, two thirds of whom had either conges- 
tive heart failure with an acute infarction or a prior history of conges- 
tive heart failure. All patients whose initial cardiothoracic ratio was 
greater than 0.5 had heart failure during the first 3 years of propranolol 
therapy. Of 12 patients who had an acute infarction during therapy, 7 
died, 6 with cardiogenic shock; in contrast, 8 of 9 patients who had 
congestive heart failure without acute infarction survived. Eight per- 
cent of patients had other significant side effects, including gastroin- 
testinal symptoms (three patients), hallucinations (one) and postural 
hypotension (one). The occurrence of asthma in three patients was 
dose-related and did not require drug discontinuation. 

Propanolol is an effective form of long-term therapy for severe angi- 
na pectoris; it does not induce tachyphylaxis or increase the overall 
mortality rate, although it may increase the risk of cardiogenic shock 
in acute myocardial infarction. Previous history of congestive heart 
failure, a cardiothoracic ratio of more than 0.5 without overt heart fail- 
ure and mild asthma are relative contraindications. A 50 percent or 
greater reduction in anginal pain with propranolol predicts a low mor- 
tality group. 


Propranolol hydrochloride in doses of 160 mg/day has been reported 
to be a useful adjunct in the treatment of angina pectoris.!-1? This re- 
port, the first to describe 5 to 8 years of continuous propranolol ther- 
apy, demonstrates that the drug can be safely ingested for prolonged 
periods. There are conflicting data concerning the effect of propran- 
olol on mortality from coronary artery disease and the frequency with 
which it may precipitate congestive heart failure. This study is an ex- 
pansion of earlier investigations? and was undertaken to (1) evalu- 
ate long-term symptomatic improvement in patients receiving pro- 
pranolol, (2) obtain survival data from this population, and (3) ob- 
serve side effects and complications from long-term propranolol ther- 
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. Material and Methods 


Case material: Sixty-three patients* with classic, severe 
stable angina pectoris, in New York Heart Association 
functional class III or IV for angina despite nitrite therapy, 
participated in the study. The population consisted of 49 
men and 14 women, ranging in age from 36 to 76 years, 
(mean age 56 years for men, 58 years for women). Angina 
pectoris had been present for more than 1 year in 51 pa- 
tients and for more than 5 years in 19 patients. All patients 
had classic angina pectoris clinically diagnosed before entry 
into the study. 

Coronary artery disease was documented in 52 patients 
by either selective coronary angiography (13 cases) demon- 
strating significant occlusive disease, electrocardiographic 
QRS changes indicative of previous myocardial infarction 
(26), positive exercise testing with diagnostic S-T segment 
depression (8), well documented electrocardiographic or 
enzyme signs of infarction before the study with subse- 
quent return of the electrocardiogram to normal (3), or di- 
agnostic S-T segment depression with pain (2). An addi- 
tional six patients with either diagnostic electrocardio- 
grams or angiograms also had positive exercise tests. All 14 
patients who underwent exercise testing had positive stud- 
ies. Of the 13 patients who had coronary arteriography, 7 
had 70 percent or greater occlusion of three vessels, 2 had 
70 percent or greater occlusion of two vessels, 2 had 70 per- 
cent or greater occlusion of one vessel, 1 had more than 70 
percent occlusion of the left main coronary artery and 1 
had diffuse disease but less than 70 percent occlusion. Six 


of these 13 patients had electrocardiographic and ventricu- 


lographic evidence of previous myocardial infarction. The 
remaining 11 patients were believed to have coronary ar- 
tery disease on the basis of clinical presentation alone. 
Three of these 11 subsequently died with myocardial in- 
farction, two manifested congestive heart failure during the 
study, two discontinued therapy because of side effects and 
four are active after 5 to 8 years of propranolol therapy. 

Forty-six patients (73 percent) were in New York Heart 
Association functional class IV for angina pectoris before 
propranolol therapy and the remaining 17 (27 percent) 
were in class III. There were no patients in New York 
Heart Association functional class I or II before propranol- 
ol therapy. 

Patients with overt congestive heart failure, obstructive 
pulmonary disease and moderate to severe asthma were ex- 
cluded from the study. Twenty-six patients (41 percent) 
had hypertension (blood pressure greater than 140/90 mm 
Hg on two or more occasions), 13 (21 percent) had a history 
of previous congestive heart failure, compensated at the 
time of entry into the study (4 with persistent mild cardio- 
megaly by chest X-ray film), 12 (19 percent) had diabetes 
(2 receiving insulin and 6 orally administered agents) and 


* An earlier report from this laboratory summarized data in 65 
patients treated with propranolol for 6 to 24 months. Two of these 
were subsequently deleted from the study because of diagnoses of 
aortic stenosis and idiopathic hypertrophic subaortic stenosis con- 
firmed by cardiac catheterization. 

t This group of 11 patients did not differ in age, sex, risk factors 
or other characteristics from the remaining 52 patients. There was 


no other apparent cause of angina in these patients such as valvular 


or subvalvular aortic stenosis. Their angina was exertional, retro- 
sternal and relieved by rest and by nitroglycerin in less than 10 min- 
utes. It is possible that some of these patients may have had angina 


. and normal coronary arteries. However, at the time of entry into the 


Study and throughout the follow-up period we believed that these pa- 
tients had typical angina on the basis of coronary insufficiency. — 
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28 (44 percent) had hypercholesterolemia (serum cholester- | 
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ol greater than 300 mg/100 ml in one or more determina- 
tions). A total of 32 patients (50 percent) had electrocardio- — 


graphic evidence of previous myocardial infarction. 


Protocol: In a preliminary double-blind study;? three - 


problems became apparent with regard to further drug 
evaluation: (1) most patients readily distinguished pro- 


pranolol from placebo by symptomatic improvement with 
propranolol; (2) the physicians involved were able to iden- . 
tify which patients were receiving propranolol by their | 
bradycardia; and (3) the response of angina to propranolol - 
was so dramatic that physicians were unwilling to withhold — 
the drug from some patients. For these reasons the stan- | 


dard double-blind technique was not employed in this | 


long-term study. ; 
After a control period of 2 to 4 weeks of observation with 


3 


nitrite therapy alone, an oral dose of 20 mg of propranolol . 


hydrochloride, four times daily, was begun. No changes 
were made in diet, activity or previous medication. After 3 
days, the dose was increased to 40 mg, four times daily. Ini- 


quently at 3 to 4 month intervals. Unless symptomatic im- 
provement or untoward side effects were noted, propranol- 


ol was increased to 60, then to 80 and finally to 120 mg, 
four times daily. The maximal prescribed dose was 480 


E 
ve 


A 
tially, the patients were seen after 1 month and subse- - 


| 


t 


mg/day. The mean daily dose was 255 mg and this mean 
dose did not change significantly during the 8 years of fol- . 
x 


low-up study. 


All patients were required to use specific data sheets to 


keep a careful daily record of anginal pain during the con- . 


trol period and throughout the study. The data required 


included the frequency, intensity and duration of chest 
pain, the number of nitroglycerin tablets used each day and © 


. the activity, if any, that preceded the pain. 


At each return visit, a questionnaire concerning side ef- _ 
fects was checked and pertinent physical findings were — 
noted. During the control period and at each return visit, | 
urinalysis was performed and laboratory determinations of _ 
hemoglobin, white blood cell count and differential and — 
serum glutamic oxaloacetic transaminase (SGOT) levels — 


were obtained. Electrocardiograms and chest X-ray films 
were evaluated yearly. 


For statistical analysis, the average frequency of episodes — 


of anginal pain and the number of nitroglycerin tablets - 


consumed during the initial pretreatment period were com- - 


pared with the same data in a 4 week period during each - 


year of the study. 
Results 


Thirty patients completed 5 years of propranolol 


therapy. The average yearly mortality rate for the 


first 5 years of the study, computed by the life-table - 
analysis method, was 3.8 percent. The reasons for 


withdrawal from the study are listed in Table I. 
These included side effects of the drug (19 percent), 


travel (11 percent), surgical therapy (6 percent) and - 


incomplete record keeping (5 percent). One patient 


was lost to follow-up study, one had no further angi- | 
na after myocardial infarction and received no fur- 


ther treatment with propranolol, and one patient, 


vat). 


L 


who discontinued propranolol because he thought it - 
was no longer of benefit, died 1 week later with an . 


acute myocardial infarction and ventricular fibrilla- 


tion. 


Angina: The number of patients remaining in the 


study each year is shown in Table II. Fiftv-seven of 
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; Reasons for Withdrawal From n Study ; i 

i s NA ane Patients 
| no. % 
Drug side effects 12 19 

"^ CHF with AMI (2 patients) 

— CHF without AMI (4 patients, 1 possible) 

— . GI (3 patients, upper abdomen in 2 and lower 

» . abdomen in 1) 

— . €NS (1 patient, visual hallucinations) 

....— Masomotor (1 patient, postural dizziness) 

i75 Other (1 patient, dizziness and syncope in 

-— . . untreated diabetic with subsequently docu- 

* T mented reactive hypoglycemia) 
. Death m 13:2 
-. Incomplete record keeping 3 5 

E “Travel inconvenience 27:08 

- Bedridden (1 patient) 

Mr _ Preferred to purchase propranolol locally and be 

hes, ES . followed up by family physician (6 patients) 

= EN Lost to follow-up 1 2 
pao therapy 4 6 


.. Vineberg procedure (2 patients) 
CE e _ Saphenous vein bypass grafting (2 patients) 
D Other 2:408 
. Discontinuation of propranolol 1 week before death 


p from ventricular fibrillation complicating AMI 
-—— because the drug no longer seemed to prevent 
"^ A— angina (1 patient) 


PH -Myocardial infarction without congestive heart 
ES _ failure—no angina for 2 years (1 patient) 
AN Total 

NA 





42 67 


|. AMI = = acute myocardial infarction; CHF = congestive heart failure; 
ONS = central nervous system; GI = gastrointestinal. 
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& m e | 63 patients received propranolol for 6 months or 
. more. Before therapy, these 57 patients had an aver- 
« .. age of 21 episodes of anginal pain per week and con- 
— sumed an average of 28 nitroglycerin tablets per week 
.. (Table ID. After 6 months of therapy, the average 
— number of anginal episodes per week was reduced to 
ps 5.9 and only 6.6 nitroglycerin tablets were used per 
week. These are reductions of 72 and 77 percent, re- 
_ spectively. At subsequent yearly intervals, the de- 


crease i in anginal episodes per week and nitroglycerin 







E -. Not significant. 


|. NTG -= sublingually administered "Utoghuear in. 
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usage aE without evidence of Nesi. At 
each interval, patients remaining in the study are 
compared with their own control period before pro- 
pranolol therapy in regard to anginal pain and nitro- 
glycerin usage, as seen in the last column of Table II. 
An owerall average of 32 percent of the patients per 
year were angina-free. Fifty-two percent of patients 
per year had a 50 to 99 percent reduction in anginal 
episodes; the condition of 10 percent was unimproved 
or worse. There was little change in the average year- 
ly percentages over the 8 years of the study (Table 
III). 

Propranolol therapy produced a significant and 
parallel reduction in the consumption of nitroglycer- 
in tablets (Table IV) and in the number of anginal 
episcdes recorded (Fig. 1). Many patients additional- 
ly volunteered that the severity of their anginal pain 
was distinctly less when taking propranolol. A major- 
ity, although not all, of the patients reported an in- 
crease in their activities, which was usually modest, 
but im a few cases was striking. Activity level was not 
further quantitated. 

Desage: The dose varied according to symptoms 
and side effects. Most patients who became pain-free 
with propranolol therapy did so with a dose of 160 
mg/day. Thirty-nine patients (62 percent) had their 
dose increased to more than 200 mg/day during the 
study. Fifty-four percent of these patients experi- 
enced further symptomatic improvement but only 8 
percent became pain-free for the first time with larg- 
er doses. 

Mortality: The degree of angina relief was of pre- 
dictive value in regard to mortality. There was nearly 
a four-fold increase in mortality during the study pe- 
riod. 3.4 versus 13.2 percent/year, in patients who ex- 
perienced less than a 50 percent reduction in epi- 
sodes of anginal pain with propranolol. 

Functional class: The reduction in anginal pain 
and nitroglycerin usage was more striking than the 


change in New York Heart Association functional 


classification. Thirty-three percent of the patients 





Control Period 





BES Patients Anginal NTG for Same Pationts* 
by Remaining Episodes Tablets Propranolol . i 
r in thie Study bar AE SPAN Dose/Dày (zeer episodes ot pain) 
d (no.) (mean) (mean no.) (mg). mean no. NTG Tablets 
Control 63 21.4 30 
(2 wk) 
6 mo 57 5.9t 6.6! 230(80—400) 21.2/28.1 
1yr 48 4.81 6.71 270(80—480) 18.4/22.4 
2 yr 44 4.71 5.9* 245(80—480) 19.0/20.1 
4 yr 35 38t 7.51 270(60—480) 18.8/21.5 
5 yr 30 3.71 5.3T 250(80—480) 20.6/21.8 
et 6 yr 23 451 491 260(120—480) 20.1/23.6 
PM ORO 7 yr 9 3.8% 4.1% 255(120—480) 13.7/13.7 
^ 8 yr 4 1.4* 1.4* : 290(160—400) 16.5/16.5 | 
p «0.02. 
tp <0.01. 
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TABLE IV : 
Reduction in Nitroglycerin Usage* | 
No Change 
No Nitro- 50 to 9996 10 to 4996 |. or Increased 
glycerin Used Reduction Reduction Usage (%) 
6mo 12/51 (24%) 28/51 (55%) 2/51 (4%) 9/51 (18%) 
1yr 17/48 (35%) 17/48 (35%) 6/48 (13%)  8/48(17%) 
2 yr 16/44 (36%) 18/44 (41%) 3/44 (7%) 7/44 (16%) 
4yr 12/35 (34%) 14/35 (40%) 4/35 (11%) 5/35 (14%) 
5 yr 10/30 (33%) 16/30 (53%) 2/30 (7%) 2/30 (7%) 
6 yr 8/23 (35%) 11/23 (48%) 3/23 (13%) 1/23 (4%) 
7 yr 4/9 (44%) 4/9 (4496) 0/9 (096) 1/9 (1196) 
8 yr 1/4 (25%) 3/4 (75%) 0/4 (0%) 0/4 (0%) 
Total 80/244 111/244 20/244 33/244 


EES Te ee ee pee ee ye E NER SEM S NE 
TABLE III 
Degree of Angina Relief* 
10 to 49% 
50 to 99% Reduction No Improve- 
Angina-Free Reduction in in Pains ment or 
(%) Pains (%) (%) Worse (%) 
6mo 22.0 (11/51) 58.8 (30/51) 5.9 (3/51) 13.7 (7/51) 
1 yr 35.4 (17/48) 47.9 (23/48) 6.3 (3/48) 10.4 (5/48) 
2 yr 36.4 (16/44) 47.7 (21/44) 9.1 (4/44) 6.8 (3/44) 
4yr 28.6 (10/35) 51.4 (18/35) 8.6 (3/35) 11.4 (4/35) 
5 yr 33.3 (10/30) 56.7 (17/30) 3.3 (1/30) 6.7 (2/30) 
6 yr 39.1 (9/23) 52.2 (12/23) 0 8.7 (2/23) 
7yr 33.3 (3/9) 55.6 (5/9) 0 11.1 (1/9) 
8 yr 50.0 (2/4) 50.0 (2/4) 0 9 
Total 32.0 (78/244) 52.4 (128/224) 5.7 (14/244) 9.8 (24/244) 


* Figures in parentheses represent no. of patients (for example, 11 
of 51 patients). 

Average 32 percent of patients/year experienced no angina with 
propranolol. 

Over an 8 year period an average of 84.4 percent (range 80—100 
percent) of patients/year experienced 50 percent or greater decrease 
in incidence of anginal pain. 


were in functional classes I and II for angina within 6 
months of beginning propranolol therapy compared 
with none in these classes before therapy (Fig. 2). Al- 
though nearly 50 percent of the patients initially in 
class III were in class I or II 6 months after the start 
of propranolol therapy, only 28 percent of the pa- 
tients initially in class IV manifested the same im- 
provement. 

Pulse and blood pressure: Changes in pulse and 
blood pressure were generally maximal 6 months 
after the start of propranolol therapy. Averageresting 
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FIGURE 1. Average number of anginal pains and nitroglycerin con- 
sumption before and after propranolol therapy, for patients remain- 
ing in the study at each yearly interval. NTG — sublingual nitroglyc- 
erin; Rx — treatment. 


* An average of 32.8 percent (range 24—44 percent) of patients 
per year took no nitroglycerin during propranolol therapy, and an ~ 
average of 78.3 percent (range 70—100 percent) of patients per year 
had a 50 percent or greater reduction in the number of nitroglycerin 
tablets used. 


heart rate decreased 24 percent with propranolol. 
Eleven patients had a heart rate of 40 to 50 beats/ 
min at some time during the course of therapy. All — 
these patients had symptomatic improvement with - 
respect to angina and had no symptoms attributable . 
to bradycardia. In general, however, resting heart 
rate did not clearly differentiate patients with and 
without symptomatic improvement since nearly all 
patients had significant slowing of their heart rates 
with propranolol. | 
Blood pressure did not change significantly in the 

group as a whole and was decreased, increased, and . 
unchanged in an approximately equal number of pa- 
tients. Of 18 patients initially hypertensive (blood 
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FIGURE 2. New York Heart Association (NYHA) functional classifi- 
cation for angina before and after propranolol therapy. 
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. FIGURE 3. Duration of propranolol therapy before the development 
b _ of heart failure. CHF = congestive heart failure; CT = cardiothorac- 
ICY 
E 
E . pressure more than 140/90 mm Hg) in 10 the blood 
. pressure had not changed at 6 months, but in the re- 
5 . maining 8, it had decreased an average of 30 mm Hg 
A __ systolic and 14 mm Hg diastolic without alteration of 
JD . other medications. 
i Thirteen patients had a history of heart failure be- 
X D fore the study. All but 1 of the 13 was receiving digi- 
~ talis, but heart failure recurred in 7 (more than half) 
: > BE of the group while they were receiving propranolol 
22 2 therapy. Heart failure developed in an additional 9 
E patients for a total of 16 patients (25 percent) who 
~ had heart failure during the study. Four of these nine 
- had heart failure in the setting of an acute myocar- 
pos infarction. Therefore, only five patients in the 
, study had heart failure without either a prior history 
_ of heart failure or a concurrent acute myocardial in- 
— farction. 
3 . Nine of the 10 patients (90 percent) who had con- 
eee heart failure without infarction survived the 
initial episode; however, 3 of these patients were sub- 
sequently given propranolol and 2 died with myocar- 
. dial infarction and heart failure 1 year later. In con- 
. trast, 7 of the 12 patients who had an acute myocar- 
: . dial infarction while taking propranolol died; 6 of the 
.7* died with cardiogenic shock. Four of these pa- 
- tients died within 2 hours of the onset of symptoms. 
E. Er — Propranolol dosage in patients who died of heart 
| . failure, with or without infarction, was not signifi- 
| 2 cantly different from that of the overall study group 
- A (average 220 mg/day, range 60 to 400 mg/day). 
X _ All four patients who had a cardiothoracic ratio 
" greater than 0.5 at the time of entry into the study 
- had heart failure within 3 years of entry. The dura- 
. . tion of propranolol therapy for the entire group be- 
er. fore the development of heart failure ranged from 7 
E- days to 6 years (Fig. 3). 
~ . Causes of death: The duration of propranolol 
E therapy before death for all patients is shown in Fig- 
-. ure 4. More patients (six) died in the 1st year than in 
. any subsequent year of the study; three died sudden- 
ely and three died from myocardial infarction. All 13 
- deaths during the 8 year study period were from car- 
. diac causes. Seven patients (54 percent) died from 
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v d * The seventh patient died at home 1 hoe m the onset of se- 
e x. vere chest pain. 
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myocardial infarction, five (38 Beloen) Bom NS 
death and one from pulmonary edema after a trans- 
fusion. 

Side effects: Twenty-seven patients had side ef- 
fects from propranolol that did not require discontin- 
uation of the drug. This group included 11 patients 
with transient eosinophilia that lasted for weeks to 
months, 3 patients with asthma, 3 with heart failure, 
3 with sexual impotence, 2 with diarrhea, 2 with first 
degree heart block (1 receiving digitalis), 2 with dizzi- 
ness and 1 with blurred vision. No patient manifested 
psychosis or incapacitating depression. 

Propranolol withdrawal: Twenty-two patients 
discontinued propranolol therapy during the study; 
in all cases abruptly. One of these patients had a 
myocardial infarction 1 week later (Table I). Several 
of these patients noted an increase in the frequency 
of angina, but there were no other complications of 
propranolol withdrawal. 


Discussion 


Since the introduction of propranolol in 1964, 
there have been 15 double-blind studies comparing 
oral propranolol therapy (in average daily doses of 
160 mg/day or more) with placebo. 2,3,5-17 All except 
one!’ reported a reduction in frequency of anginal 
pain with propranolol in 55 percent to 100 percent of 
patients (average 78 percent; 280 of 359 patients). 
Propranolol was statistically superior (P <0.02 to P 
<0.00012) to placebo i in decreasing the frequency of 
anginal pain in all but two studies, one of these (44 
patients) being significant at the 2.5 percent level 
and the other showing no difference (19 patients). 
Less easily quantified has been a reduction in the du- 
ration and severity of anginal pain with propranolol, 
even without a reduction in the frequency of pain, 
previously noted in several studies^9!9 with use of 
the double-blind technique. 

The longest follow-up studies of patients with an- 
gina pectoris previously reported are those of Am- 
sterdam et al,? who treated 89 patients with pro- 
pranolol for a mean of 29 months, and of Russek,!? 
who treated 133 patients with combined propranolol 
and sublingually administered isosorbide dinitrate 
for 6 years. Ours is the first reported study using pro- 
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pranolol for up to 8 years in the treatment of severe, 
stable angina pectoris. 

Effect on angina: An average of 84 percent of pa- 
tients per year (range 80 to 100 percent, taking an av- 
erage dose of 230 to 280 mg/day) had a significant (50 
percent or greater) decrease in frequency of anginal 
pain by comparison with their own control periods 
before propranolol therapy. This corresponds closely 
with findings in the study of Amsterdam et al.? 

The anginal syndrome varies in frequency and se- 
verity over time. This makes it difficult to evaluate 
symptomatic improvement in the context of a long- 
term study. Patients in this study with severe coro- 
nary disease were more likely to be eliminated from 


_ the study in the early years because of death, conges- 


tive heart failure, myocardial infarction or surgical 
therapy. Patients active 4 to 8 years in the study 
probably had less severe coronary disease than the 
initial study population. However, it is important 
that no tachyphylaxis to propranolol was noted. 
Symptomatic improvement and objective evidence of 
beta adrenergic blockade (reduction in heart rate) 
compared with data in their own pretreatment con- 
trol period persisted throughout the 5 to 8 years of 
follow-up. This finding supports the use of propran- 
olol as an effective long-term antianginal drug. 
Bradycardia and dosage: The guidelines for re- 
duction of propranolol dosage for bradycardia have 
been unclear in the past. In this study heart rates as 


. low as 40 beats/min were well tolerated, and the dose 


of propranolol was not reduced for bradycardia alone. 
We believe that if a patient has no symptoms such as 
syncope or orthostatic lightheadedness from brady- 
cardia there is no need to reduce the dose of propran- 
olol provided the resting heart rate is 40 beats/min or 
above and there is symptomatic improvement. 
Bradycardia with syncope?? has been described in 
patients taking propranolol and may be due to 
marked sinus bradycardia or to heart block. Most of 
these patients with sinus bradycardia and syncope on 
propranolol have had heart rates below 40 beats/min. 
No patient in our study had syncope. 

Reduction of blood pressure in the hypertensive 
subgroup may have been due to inhibition of renin 
secretion by propranolol. This has been described in 
some patients with normal or increased serum renin 
and hypertension.?! Slight or no change in blood 
pressure with propranolol in normotensive patients 
at rest has been noted by others?:19??: blood pressure 
was not determined during exercise. 


Mortality: The cumulative 5 year mortality rate 


with use of the life-table analysis method was 19 per- 
cent. This was lower than expected, considering a 
history of congestive heart failure before therapy in 
25 percent of patients, the severity of angina pectoris 
before therapy (27 percent in New York Heart Asso- 
ciation functional class III, 73 percent in class IV) 
and previous myocardial infarction in 50 percent. Be- 
cause of the high drop-out rate from the study (30 of 
63 patients completing 5 years of propranolol thera- 
py) we do not believe that the population is suffi- 
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significantly reduced with propranolol therapy. Nev- 31 


ertheless the 3.8 percent average yearly mortality — 


a 


rate in this study compares favorably with a 3.8 to a Be 
9.0 percent average yearly mortality rate with nitrite _ 


therapy alone.?3-*6 The higher number of deaths dur- 


ing the Ist year of propranolol therapy is unex- » 
plained but may be related to the high-risk group _ 


chosen for study. 


Patients responding to propranolol therapy by a 50 


percent or greater reduction in anginal pain had a 
significantly reduced mortality rate during the study 


period compared with patients who had a smaller re- 


duction. This finding suggests that clinical response 
to propranolol therapy may have prognostic signifi- 


cance. The reasons for this are not clear. We have ob- . 
served in other patients that those with severe coro- _ 


nary disease (proximal three vessel disease or left 


main coronary artery disease) are less likely to have 


significant benefit from propranolol than those with 


only one or two vessel coronary disease. The higher 


mortality rate of patients with triple vessel and left 


main coronary artery disease may partly account for - 


this difference. 


Myocardial infarction and shock: A significant — 
observation not previously reported was the high risk. | 


for cardiogenic shock with an acute myocardial in- 
farction during propranolol therapy. Theoretically 


propranolol could be deleterious in the setting of A 
acute infarction because of its negative inotropic ef- .— 


fect or because of bradycardia. Four of the six pa- 
tients who died with cardiogenic shock had their 
heart rate documented before death and none had a 
heart rate of less than 60 beats/min. This finding 
suggests that the negative inotropic effect of pro- 
pranolol may have played a role in the development 


of cardiogenic shock in these patients. Whereas pro- — 


pranolol may be beneficial to the patient with an 
acute myocardial infarction who has adequate myo- 
cardial reserve (by reducing myocardial oxygen con- 
sumption), it may be deleterious to the patient with a 
myocardial infarction and limited myocardial re- 
serve. 

Congestive heart failure: This complication dur- 
ing propranolol therapy has been reported by several 
investigators.??5:14?? Although congestive heart fail- 
ure developed in 25 percent of patients at some time 
during our study, two thirds of these patients either 


A 


had a history of congestive heart failure before pro- 


pranolol therapy or experienced it in the setting of an 


acute myocardial infarction. In most cases, heart fail- 


ure was easily managed in the absence of acute myo- 


cardial infarction. A history of compensated conges- 
tive heart failure would therefore seem to be a rela- 
tive but not an absolute contraindication to propran- 
olol therapy. Cardiomegaly alone should be consid- 
ered a relative contraindication as well because heart 


failure subsequently developed in all patients with Ar 
cardiomegaly at the time of entry into the study. Ifa 


patient with acute myocardial infarction is taking 
propranolol, the drug should be discontinued if there 
is definite evidence of heart failure. 

Hypoglycemia: Severe hypoglycemia has pre- 
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viously been described in patients with diabetes re- 
ceiving propranolol therapy because of a masking of 
the usual sympathetic manifestations of hypoglyce- 
mia and blockade of epinephrine-mediated glyco- 
genolysis.?/ Of the eight patients with diabetes who 
were taking hypoglycemic medication (insulin [2 pa- 


- tients] at doses of 20 to 50 units of NPH insulin per 


day), there were no reported hypoglycemic episodes 


| and no episodes of syncope, seizures or mental confu- 
— sion. One diabetic patient not receiving hypoglycemic 


therapy had dizziness and syncope and was subse- 
quently found to have reactive hypoglycemia after 
propranolol was discontinued (blood sugar 47 mg/100 
ml). 

Bronchial asthma: Several authors have cau- 
tioned against the use of propranolol in patients with 


a history of asthma?7-?? and some consider it a con- 


traindication to propranolol therapy.” All three of 


- our patients who had asthma with propranolol thera- 


py resolved their acute episode after a reduction in 
dose or transient discontinuation of the drug; they 
subsequently resumed taking the drug at a reduced 
dose. Of the two patients who had a previous history 


— of mild intermittent asthma, one decreased the pro- 


pranolol dose three times from 240 mg because of 
wheezing, but again increased the dose because of 
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greater relief of angina. She was finally able to take a 
smaller dose without recurrence of asthma. 

Other side and toxic effects. Diarrhea, the most 
common gastrointestinal complaint, was also dose- 
related, as previously noted by Grant et al Tran- 
sient eosinophilia was observed in 17 percent of pa- 
tients and has been ascribed to beta adrenergic 
blockade of epinephrine-induced eosinopenia.?? 

No evidence of toxic effects upon hepatic, renal or 
bone marrow systems was noted during the entire 
study period. No patient was found to have cancer at 
autopsy or on clinical grounds. This is of interest in 
light of the increased incidence of malignancy in mice 
given pronethalol, another beta blocking drug.?! 

We conclude that propranolol is an effective and 
reasonably safe drug in the long-term treatment of 
severe, stable angina pectoris due to ischemic heart 
disease. 
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In the presence of atrial fibrillation, the diastolic murmur of mitral ste- _ 
nosis can appear augmented during early systole before the mitral - 


valve closure sound. This phenomenon has previously been thought to 


CLA, 


be due to increased blood flow velocity across the narrowing mitral - 
valve orifice. We have observed patients in whom the third heart sound © 


(S3) gallop, the diastolic flow murmur of atrial septal defect and mitral 


insufficiency and the initial muscular component of the first heart — 


sound become more intense during this period with short, critically 
timed cycle lengths. This phenomenon appears to be neither peculiar 


to nor indicative of mitral stenosis and is probably a direct result of the 


initial muscular contraction of an underfilled ventricle. Either the con- 


traction itself or the sudden deceleration of the rapidly moving flow of : 


blood across the atrioventricular orifice may produce the sound. 


It is well established that in the presence of atrial fibrillation the dia- - 


stolic murmur of mitral stenosis can appear augmented during the 


very earliest portion of systole before the mitral valve closure sound.!- — 


7 This phenomenon occurs only with short cycle lengths, disappear- 
ing with longer diastolic intervals. The behavior of other diastolic 
sounds during this period has not been evaluated critically. 

We have examined phonocardiographic and external pulse record- 
ings from a variety of patients with atrial fibrillation. In addition to 
the diastolic rumble of mitral stenosis, a third heart sound (S3) gal- 


lop, the diastolic flow murmur of atrial septal defect and mitral insuf- | 


ficiency and the initial muscular component of the first heart sound 


are all more intense in the period of systole before the mitral first 


sound with short, critically timed cycle lengths. 
Methods 


Phonocardiographic and external pulse recordings were obtained during | 


atrial fibrillation in patients with various cardiovascular diseases. Patients 
with mitral stenosis, mitral insufficiency, atrial septal defect, idiopathic atri- 
al fibrillation and contstrictive pericarditis were studied. Two patients with 
complete heart block and a fourth heart sound (S4) gallop were also studied. 
External tracings of the carotid, jugular and the left ventricular apical pulses 
with at least one simultaneous phonocardiogram were recorded during held 
mid-expiration according to the method described by Tavel.® External carot- 
id pulse recordings were obtained with the aid of an air-filled cuff placed 
around the neck and inflated to 5 to 10 mm Hg. This was connected by a 
short rubber tube to a piezoelectric microphone (Lumiscope MP-1A). A short 
funnel was connected to the same piezoelectric microphone used to obtain 
the external jugular pulse. Apex cardiograms and simultaneous apical sound 
recordings were obtained with the Sanborn contact microphone (62-1500- 
C13). l 

Electrical signals were recorded graphically with an Electronics for Medi- 


i4 


cine recorder (model DR-8). Incoming pulse signals were filtered with a 
band-pass set at 0.1 to 200 hertz. Sound signals were filtered into 120 to 500 - 


and 400 to 2,000 hertz bands. Filter slopes were 6 decibels per octave. The re- 
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—- FIGURE 1. S; gallop sound. Sound recordings from the apex and 
- pulmonary (PA) areas with simultaneous carotid pulse recording. 
— The S5 sound is greatly accentuated when it is brought into the peri- 
- od of early systole just before the mitral closure sound. ECG = elec- 
; _ trocardiogram.: 
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“cording speed was 100 mm/sec, and time lines were set at 
0.1 second intervals. 

We examined records for the occurrence of diastolic 
- sounds and the behavior of these sounds when present in 
- the systolic period before the mitral closure sound. Criteria 
. for selection of records were: (1) sound and pulse record- 
_ ings of good quality, and (2) the presence of a wide variety 
- of cycle lengths, especially shorter cycles. The second crite- 
rion is important because most of the diastolic events of in- 
— terest, such as the Ss gallop and flow rumbles are usually 
confined to early diastole and only occur in the period 
- studied when cycle lengths are very short. The interval 
_ from the onset of the Q wave in the simultaneously record- 
i ed electrocardiogram to the first high frequency vibrations 
- of the first heart sound indicative of mitral valve closure 
~ (electro- acoustic interval) is the time period examined. Cri- 
- ley and Hermer? termed this “presystole.” Although we 
have used this term in the title of this study, we have elect- 
ed to refer to this period as “early systole before the mitral 
- valve closure sound” in order to avoid confusion, since all 
_ of the events that we describe are truly systolic, that is, 
E occur after the onset of ventricular contraction. 
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Results 


S; gallop sound: Figure 1 illustrates augmentation 
of an Ss gallop sound occurring in this period as a re- 
sult of a short cycle length. The augmented sound 
precedes and is clearly separated from the first high 
frequency component of the first heart sound (Sj), 
which bears a constant relation to the QRS interval 
in this case. There were only two cases with this find- 
ing in our files. The patient whose recording is shown 
had mitral insufficiency; the other patient had idio- 
pathic atrial fibrillation. 

The timing involved in the production of this ac- 
centuated S3 sound is critical. The cycle lengths asso- 
ciated with the production of the sound in Figure 1 
are 0.43 and 0.40 second. These correspond closely to 
the Q-S intervals measured in the longer cycles. 
Small differences should be expected because the left 
ventricular ejection time also changes with cycle 
length during atrial fibrillation.? 

Diastolic flow rumble: Accentuation of a tricus- 
pid flow murmur in a patient with ostium secundum 
atrial septal defect is illustrated in Figure 2. Figure 3 
shows the same phenomenon in a patient with mitral 
insufficiency and a diastolic flow murmur. Examina- 
tion of our files disclosed three other patients with 
this finding. 

Again, timing of the cycle length is critical but less 
critical than that of the S4 sound because the flow 
murmur is of longer duration, causing the accentua- 
tion to appear during a slightly wider range of cycle 
lengths. 

Initial low frequency component of S;: Aug- 
mentation of this sound is shown in Figure 4. The pa- 
tient had mitral insufficiency with an Ss gallop fol- 
lowed by a short flow murmur. With longer cycles, a 
low frequency vibration is recorded just before the 
high frequency vibration of S;. The low frequency 
sound again corresponds closely to the onset of ven- 
tricular contraction as recorded by the apex cardio- 
gram. This sound has been labeled “M” in accor- 
dance with the practice of other investigators.9-!! 
The later high frequency sound coincided with a 
notch on the upstroke of the apex cardiogram indi- 
cating completion of mitral closure. Both initial low 
frequency and later high frequency vibrations be- 


FIGURE 2. Tricuspid flow murmur of 
atrial septal defect. Sound recording 
from the left sternal border (LSB) and 
apical areas. The mid-diastolic flow 
murmur (DM) is accentuated with a 
short cycle length. PSM = “‘presysto- 
lic" murmur; SM = systolic murmur. 
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FIGURE 3. Diastolic flow murmur of mitral insuf- 
ficiency. Sound recordings from the apex and 
pulmonary areas with simultaneous carotid ^ CAROTID 
pulse recording. The diastolic flow murmur (DM) | 
becomes more intense when brought into the 

period of early systole just before the mitral first 

sound (PSM). AA - aortic area. 


come more intense with shorter cycle lengths; the low 
frequency vibrations changed quite dramatically over 
a wide range of cycle lengths (0.50 to 0.75) in the case 
presented. 

Diastolic rumble of mitral stenosis: Accentua- 
tion of the diastolic murmur of mitral stenosis in the 
period of systole before the mitral closure sound in 
patients with atrial fibrillation (Fig. 5 and 6) was 
common and occurred over a broad range of cycle 
lengths (0.55 to 0.80 second). Facilitation of this aug- 
mentation was directly related to the length of the di- 
astolic murmur recorded. Since this murmur is gener- 
ally longer than a flow rumble, it can be brought into 
this period even after longer cycle lengths. The so- 
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FIGURE 4. Simultaneous apical pulse 

(short time constant) and sound re- ACG 
cordings from a patient with mitral in- 
sufficiency. The initial component of 

the first heart sound becomes more 

intense with shorter cycle lengths. 

RFW = rapid filling wave; ACG = 

apex cardiogram. 
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DIASTOLIC SOUNDS IN ATRIAL FIBRILLATION—BONNER ET AL. 


called “presystolic accentuation” may indeed not be 
a part of the diastolic murmur; it appears in several 
cycles to be a discrete sound identical in timing to the 
initial low frequency vibration of the first heart 
sound. 

S4, in complete heart block: We obtained two rec- 
ords of patients with complete heart block and an S4 
sound. A critically timed S4 occurring in the period of 
early systole before the mitral closure sound did not 
become greatly altered, but our data are too sparse to 
warrant conclusions. This problem has been exam- 
ined previously in another connection,'? and no com- 
ment was made on augmentation of S4 during this 
time period. 
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i | IGURE 5. Simultaneous sound and apical pulse recordings in a patient with mitral stenosis and a diastolic rumble (DM). With short cycles a vi- 
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| 
bration appears in early systole before the mitral closure sound (PSM). This appears to be a sound rather than a gradually peaking ‘‘presystolic 


E Discussion curs at this point. Several other investigators^" have 
_ Mitral stenosis: Augmentation of the diastolic come to the same conclusion. A more direct measure- 















. murmur of mitral stenosis in early systole before the ment of mitral blood flow velocity is now feasible,!? 
mitral closure sound in patients with atrial fibrilla- but no measurements have been made in patients 
_ tion has been recognized for many years. MacKenzie! with mitral stenosis and atrial fibrillation. 
. was probably the first to describe it clinically al- Mitral insufficiency and atrial septal defect: 
- though the diagrams in his original work do not show Our observation that early systolic vibrations of mi- 
an increase in vibrations leading up to the mitral first tral insufficiency and atrial septal defect can behave 
- sound. Ongley et al.? later presented several phono- very similarly to the rumble of mitral stenosis may 
- cardiograms clearly demonstrating this increase. also fit the postulate of a narrowing of the atrioven- 
x Criley and Hermer? recently evaluated this phe- tricular valve orifice with the onset of ventricular 
- nomenon more critically and concluded that it is due contraction. However, one problem with this concept 
- to a narrowing of the mitral valve orifice caused by is the lack of a substantial atrioventricular pressure 
_ increasing left ventricular pressure before mitral gradient in these patients to accelerate blood forward 
— valve closure. They postulated that the velocity of during this period. Furthermore, the finding of an ac- 
| omnee flow is then greater through this smaller orifice centuation of the S4 sound and initial low frequency 


- and that an augmentation of the diastolic rumble oc- component of the first heart sound leads us to believe 
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- . FIGURE 6. Diastolic rumble of mitral stenosis. Simultaneous sound recordings from the apex and pulmonary areas with indirect carotid pulse 
- tracing in a patient with mitral stenosis. The vibrations in early systole just before the mitral first sound with short cycles (PSM) produces a cre- 
-scendo effect. ' 
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that narrowing of an atrioventricular valve orifice is 
probably not needed to produce such a sound. More- 
over, it is difficult conceptually to accept the theory 
that the narrowing of a valve orifice in the presence 
of a decreasing pressure gradient across that orifice 
can accentuate a murmur. If such were the case, one 
would also expect the systolic ejection murmur of 
aortic or pulmonary stenosis to accentuate immedi- 
ately before the closure of the respective semilunar 
valve. 

S3 gallop sound: This sound has long been 
thought to be produced by the sudden distension of 
the left ventricular wall at the end of the rapid filling 
period in early diastole.? It is not thought to be relat- 
ed to the mitral valve cusps, chordae tendineae or pa- 
pillary muscle since it can be identified in patients 
with artificial heart valves who have had these struc- 
tures removed.!*!^ It seems likely to us that one of 
the factors influencing the augmentation of the Ss 
sound is probably the initial increase in left ventricu- 
lar wall tension causing a marked decrease in compli- 
ance, and perhaps a louder sound. There may also be 
a summation of the increased low frequency compo- 
nent of the first heart sound with the S4 sound. 

Low frequency component of first heart sound: 
Much has been written about the initial low frequen- 
cy component of the first heart sound. In patients 
with heart disease and sinus rhythm it may be caused 
in part by a late atrial sound; however, in patients 
with a normal heart or in those with atrial fibrilla- 
tion, it is believed not to be the result of atrial activi- 
ty.1617 Several authors!:1$1? have presented data to 
show that this component results from the initial 


muscular contraction of the left ventricle. The obser- 


vation that it varies with cycle length has been made 


before,!! and because of this variation it has been 


postulated to be caused by tricuspid valve closure | 


even though it occurs with the initial upstroke of the - 


apex cardiogram before one would expect completion 
of tricuspid valve closure.2° It is unclear why the 
sound is louder with short cycles, but perhaps the 
muscular contraction of an underfilled ventricle 
makes more noise because of a less synchronous con- 


traction or a higher vibrating frequency. Perhaps the 
most plausible explanation is that this component — 
represents in part the sudden checking action of the 


contracting ventricle on the.blood that has been en- 


tering these chambers during diastole. Since the flow - 
is most rapid in early diastole, one would expect that — 


the earliest contractions, which interrupt this flow 


it 


during its peak velocity, would be associated with the 7 


loudest early first sound component. 


Conclusions: Taken together, our observations — 


lead us to conclude that augmentation of a diastolic - 


murmur during early systole before the sound of mi- 


tral valve closure is neither peculiar to nor indicative — 
of mitral stenosis. Furthermore, we believe that the - 
augmentation of heart sounds and murmurs during - 


this period of time is a result of the initial contraction 
of the ventricle, as others! 15? have suggested, and 


that an increase in blood flow velocity across an — 
atrioventricular orifice need not be invoked. Instead, - 


it may be a direct result of myocardial contraction, 


which, when placed early after the preceding beat, 


will decelerate abruptly a flow of blood entering into | 


the ventricles. 
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- Mid-Ventricular Obstruction: A Variant of 
Obstructive Cardiomyopathy 


j 
Pt 


TENIS 


- RAULE. FALICOV, MD, FACC In two patients with clinical and catheterization findings of hypertro- 
S LEON RESNEKOV, MD, FRCP, FACC phic obstructive cardiomyopathy, the level of intraventricular obstruc- 
__ SAROJA BHARATI, MD tion was found to be in the mid-ventricular area rather than at the 
_ MAURICE LEV, MD, FACC junction of the inflow and outflow tracts. One patient died suddenly 


shortly after unsuccessful outflow tract myectomy. In vivo recognition 
of this probably rare variant form of obstructive cardiomyopathy rests 
mainly on the angiographic appearance of the left ventricle and on the 
recording of pressures in multiple sites of the left ventricular cavity. 
Surgical relief of the obstruction in these patients is not likely to be ob- 
tained by a transaortic left ventricular outflow myectomy but may re- 
quire either papillary muscle resection by the transatrial or transven- 
Ri tricular approach or mid-ventricular septectomy, or both. 


- Chicago, Illinois 


“ 


le baa 


CREA 


A left ventricular intracavitary pressure gradient is present in most 
hx patients with asymmetric septal hypertrophy and has been variously 
termed idiopathic hypertrophic subaortic stenosis,! muscular subaor- 
m tic stenosis?? or hypertrophic obstructive cardiomyopathy.* Patho- 
E, | logic studies have indicated the disproportionate hypertrophy of the 
d ventricular septum, which encroaches on the left and frequently also 
the right ventricular cavity.? The contribution of the anterior leaflet 
of the mitral valve to the left ventricular outflow obstruction has be- 
come increasingly evident as demonstrated by angiographic?" and 
echocardiographic studies’ and by the disappearance of the outflow 
gradient after mitral valve excision and replacement by a low profile 
prosthetic valve.!? 

We have studied two patients with the characteristic clinical fea- 


From the Section of Cardiology, Department of tures of obstructive cardiomyopathy in whom the level of obstruction 
. Medicine, The University of Chicago, and the was found to be in the mid-left ventricular area rather than at the 
; „Aene teigene 34 Dried mol QA outflow tract. One patient died suddenly 6 months after a left ven- 
, lll. Thi ; À f i . * 
"Chicago Heart Association and The Louis B. tricular outflow myectomy that failed to relieve his mid-ventricular 
.. Block Fund, Chicago, Ill. and Grant HL-07605 obstruction as demonstrated by postmortem examination. In the sec- 
_ from the National Heart and Lung Institute, Na- ond patient simultaneous and pullback pressure recordings revealed 
. tional opi of keel aiti: Md. Manu- severe obstruction at the mid-ventricular level that was confirmed by 
fa ien SAVRA icd Eb iei us left ventricular cineangiography. We present these cases in the belief 
|. The University of Chicago, 950 East 59th St., that recognition of this variant of obstructive cardiomyopathy has 


f Chicago, Ill. 60637. important diagnostic and therapeutic implications. 
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"e 4 ; were monos FIGURE 2. Case 1. Simultaneous recording of the. iet ve lar 
| . Case 1 (LV) and aortic (AO) pressures. There is an 80 mm Hg peak. systolic | 
M gradient across the left ventricular outflow tract. PCW = pulmonan $ 
z This patient was first seen at age 21 years because of capillary wedge pressure; s — second. PAID 
dyspnea on exertion and slight dizziness on change of posi- Eu. (S 
tion present since age 18. A heart murmur had been noted 1 | STAGE 
since early childhood. The family history was significant. abnormal initial forces in the right precordial leads (Fig. 
One brother died in early infancy of causes that were not The chest X-ray films showed no overall enlargemen , of 
entirely clear. One sister, aged 15, has hypertrophic ob- the heart, but specific enlargement of the left ventricle w 
structive cardiomyopathy proved by the appropriate hemo- seen as an abnormal contour in the frontal view. 7 
dynamic investigations; another, aged 22, has asymmetric cending aorta was normal, the left atrium was not en ar 
. hypertrophy of the ventricle as demonstrated by echocardio- and there was no pulmonary venous congestion. — — 
graphic studies. The mother, also with od XA hyper- Right and left heart catheterization studies. were per- T 
trophy of the ventricle, is symptom-free. formed with the left ventricle entered in retrograde í jov 
Significant features on examination Kaudo normal ion. The important findings were a left intraventricu 1) 


development, regular sinus rhythm, a jerky carotid impulse gradient of 80 mm Hg (left ventricular body 190/20, - eft 
with rapid upstroke and a prominent a wave in the jugular ventricular outflow 110/20, aorta 110/75) (Fig. 2). The e 












venous pulse. Blood pressure was 140/70 mm Hg. The car- was elevation of the end-diastolic pressures in both the left 
diac impulse was dynamic and indicated moderate enlarge- and right ventricles (20 and 12 mm Hg, respectively) t out no 
ment of the left ventricle, and there was a palpable atrial gradient across the right ventricular outflow tract. Cardiac T 
impulse as well as a palpable right ventricular impulse. On output was 7.2 liters/min. Intravenous administrat of. 
auscultation at the mitral area, there was a loud atrial propranolol to a total of 16 mg did not change the gradient $ 
sound followed by a grade 3/6 systolic ejection murmur su- or significantly change the hemodynamic situation. A le ft. 
perimposed on a soft mitral regurgitant murmur. There ventriculogram performed in the right anterior oblique p 

was a loud left ventricular third heart sound, followed by a sition showed marked deformity of the left ventricu| ped 
short delayed diastolic murmur. At the base of the heart, chamber with almost complete obliteration of the wid-ven n= 
the two components of the second sound moved normally tricle during end-systole. Mild mitral regurgitation s 

with respiration. Aortic valve closure was normal. The re- present (Fig. 3). as’. T 
mainder of the examination was essentially normal. Treatment with propranolol to a total of 180 to 240 ) 


The electrocardiogram showed a mean frontal QRS axis mg/day was instituted. Breathlessness and postural Ross 
of —120? with uniform QRS prolongation throughout and ness increased over a period of 12 to 15 months and v : 
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FIGURE 3. Case 1. End-diastolic (left) and end- 
systolic (right) frames of the left ventricular 
cines gram (right anterior oblique projec- 
fon). There i is severe mid-ventricular LS ICON 
ie pct QUA regurgitátion; i AS 
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ints to the maximal bulging of the septum, which lies clearly 
blow the outflow tract. In addition, the anterior papillary muscle is 
: displaced toward the base of the heart. A — aortic root; LV — left 
E cavity; S — surgical indentation. 


E helped by substituting practolol for propranolol. Be- 
cause of the unremitting symptoms, the patient was re- 
“ferred to another institution for operation. Through a me- 
- dian sternotomy, the pericardium was incised longitudinal- 
- dy. The left ventricle was markedly hypertrophied and 
fal we enlarged; the cusps of the aortic valve were nor- 
c 





-mal as were the coronary vessels. Hypertrophy of the sep- 
tum encroaching on the outflow tract of the left ventricle 
. was present. Under extracorporeal circulation, the aorta 
e was incised obliquely, and two parallel incisions were made 
into the ventricular septum from the level of the aortic 
. valve downward. The anterior incision was in a plane ex- 
_ tending through the mid-point of the right coronary cusps; 
the other incision was just adjacent to the attachment of 
. the mitral valve. While the incisions were deepened to 2 cm 
_ by finger pressure, the muscle fibers could be felt to give 
way. The intervening column of muscle was excised with 
d _ knife and scissors. At the end of operation, left ventricular 
| pressure was 78/0, aortic pressure 65/60 and right ventricu- 
s lar pressure 30/7 mm Hg. 
__ Convalescence was rapid and uneventful. However, dur- 
ig the next 12 months, the patient continued to have epi- 
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sodes of breathlessness on effort, cardiac pain on heavy 
physical effort and postural dizziness. No rhythm distur- 
bances were noted. There were repeated episodes of a post- 
pericardiotomy syndrome. The physical findings remained 
unchanged. Because of these symptoms, propranolol thera- 
py was restarted with little objective evidence of improve- 
ment. The patient died suddenly in his sleep 10 months 
after open heart surgery. 

At autopsy (Fig. 4), the heart was greatly enlarged, 
weighing 860 g. All chambers were hypertrophied, and the 
atria were eniarged. The ventricular septum was immense- 
ly thickened, measuring 3.0 cm in greatest width. The max- 
imal thickness was in the mid-portion of the ventricular 
septum. The parietal wall was 1.4 cm in greatest diameter, 
as measured between the base of the mitral valve and the 
apex of the heart. An excavation in the ventricular septum 
beneath the aorta anteriorly had been produced by surgery. 
The anterior papillary muscle was displaced toward the 


base of the heart although the posterior papillary muscle . 


was normally situated (Fig. 4). The left ventricle was thus 
narrowed in its mid-portion, below the area of the septal 
resection. 


Case 2 


This 44 year old woman was known to be hypertensive 
for at least 20 years, and to have bronchial asthma for 16 
years. Two years before admission she experienced an epi- 
sode of chest discomfort followed by syncope. At that time 
she was given digitalis and antihypertensive medications. 
Her main symptoms at the time of examination included 
retrosternal pain and dyspnea on moderate exertion, and 
occasional lightheadedness. There was a strong family his- 
tory of hypertension; the father had died suddenly at age 
59 years. 

Physical examination revealed a blood pressure of 150/ 
90 mm Hg; the carotid pulse was brisk and the jugular ve- 
nous pulse normal. The left ventricle was hyperdynamic 
with a palpable atrial impulse. The first heart sound was 
normal and the second heart sound was single; a grade 3/6 
late systolic ejection murmur was best heard at the apex. 

The electrocardiogram demonstrated changes typical of 
left ventricular hypertrophy and strain (Fig. 5). 

An echocardiogram revealed a left ventricular cavity of 
normal size and a large ejection fraction; the ratio of septal 
to posterior wall thickness of 1.5 was consistent with the di- 
agnosis of asymmetric septal hypertrophy.!! No anterior 
systolic metion of the anterior leaflet of the mitral valve 
was observed. 

A chest X-ray film demonstrated mild cardiomegaly 
with specific left ventricular enlargement. 

Right and left heart catheterization was performed. The 
left ventricle was entered by the transseptal route using a 
no. 8F Kifa catheter with two side holes located within 1 
cm of the tip and was positioned in the inflow tract of the 
left ventricle beneath the mitral valve. A no. 8F Judkins 
right coronary catheter (one end hole, no side holes) was 
advanced in retrograde fashion from the femoral artery 
into the left ventricle and positioned below the aortic valve. 
The left ventricular end-diastolic pressure was greatly ele- 
vated (35 mm Hg). No gradient was observed between the 
inflow and outflow tracts. The retrograde catheter was then 


further advanced into the left ventricular cavity. A consis- | 


tent 80 to 100 mm Hg gradient between the left ventricular 
cavity and the inflow and outflow tracts was observed dur- 
ing repeated insertions and pullbacks of the retrograde 


. catheter (Fig. 6). Blood could be withdrawn freely through- 


out the cardiac cycle from the retrograde (end-hole) cathe- 
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FIGURE 6. Casa 2. Pressure tracings (above) and left ventricular cineangiograms (below). The transseptal catheter lies in the lett ventricular 
inflow tract, beneath the mitral valve. In A the retrograde catheter is in the high pressure area of the left ventricular cavity. Contrast material, in- 
jected manually through the retrograde catheter, outlines the systolic muscular narrowing downstream from the tip of the catheter (arrows). A 
100 mm Hg systolic pressure gradient is present between the two catheter positions (top, arrows). Panel B illustrates the position of the cathe- 
ters and disappearance of the pressure gradient after the retrograde catheter has been pulled back across the midventricular obstruction into 
the left ventricular outflow tract. There is no gradient between the inflow and outflow tracts. Contrast medium, manually injected, again outlines 
the severe mid-ventricular narrowing, now upstream from the tip of the retrograde catheter (arrows). Further pullback into the aorta reveals no 


gradient across the aortic valve (panel C). B = 
outflow tract. 


ter at the point where the high level of pressure was ob- 
served. 

Left ventricular cineangiograms obtained in the right an- 
terior oblique projection after manual injection of contrast 
material through the retrograde catheter revealed an hour- 
glass deformity of the ventricular cavity with severe systol- 
ic narrowing downstream from the high pressure area. 
There was free flow of contrast material from the tip of the 
catheter during the manual injections in both systole and 
diastole. A left atrial angiogram in the right anterior 
oblique projection (Fig. 7) confirmed the presence of a se- 
vere systolic muscular narrowing between the left ventricu- 
lar body and the inflow and outflow tracts. An additional 
muscular narrowing could be observed near the apex in sys- 
tole, and the apex itself had paradoxical systolic bulging. 


Discussion 


These two patients presented with the typical his- 
tory and clinical findings of hypertrophic obstructive 
cardiomyopathy. Both had a severe resting left ven- 
tricular intracavitary obstruction. In Case 1, the mid- 
ventricular location of the obstruction could in retro- 
spect clearly be observed from the left ventricular 
cineangiogram, and was ultimately confirmed by 
postmortem examination. In Case 2, analysis of the 
pressure tracings revealed that there was no obstruc- 
tion between the left ventricular inflow and outflow 
tracts. However, pressure recordings and the angio- 


left ventricular body; ! — left ventricular inflow tract; LV — 


left ventricular; O — left ventricular 


cardiogram unequivocally demonstrated severe intra- 
ventricular obstruction downstream from the mitral 
valve and at some distance from the left ventricular 
inflow tract. | 
Artifactual pressure gradients due to transmission 
of the high subendocardial intramyocardial pressure 
have been recorded both in man and in animals as a 
result of catheter entrapment in areas of the ventricle 
that become obliterated during systole.!?!? Wigle et 
al.,!4 on the basis of studies in patients with obstruc- 
tive and nonobstructive cardiomyopathy, postulated 
that a high initial level of inflow tract pressure, that 
is, a high pressure area immediately below the mitral 
valve recorded by a transseptal catheter, identified 
patients with true obstruction, whereas a low initial 
level of inflow tract pressure indicated that any gra- 
dient found elsewhere in the left ventricular cavity 
resulted from catheter entrapment and was therefore 
artifactual. But this criterion applies only if the in- 
flow tract remains upstream of the area of obstruc- 
tion; it does not apply when obstruction occurs distal 
to this area as in our two cases. | 
Evidence against artifact due to catheter entrap- 
ment in our Case 2 is based on the following criteria. 
(1) The retrograde catheter had no side holes, but an 
end hole from which blood could be freely withdrawn 
throughout the cardiac cycle, thus indicating the 








MD-VENTRICULA LA 2 OBS 2M is on Li cover 


A » Es a T» "Ac oci. 
Xn Ru. S. ee DN l 2 2 ae * 2 AN Mer DN x: 
me d 5 ae 3 utra S YE FTN 

















eather tip even at end- -systole. (2) Manual injection 
of contrast material in the high pressure area demon- 
trated that the tip of the catheter was free in the 
eirca: cavity and that there was a severe systolic 
. narrowing downstream from it. Manual injection 
after pullback to the lower pressure area again dem- 
onstrated the systolic narrowing, this time upstream 
b from the tip of the catheter. 

Mechanism of intraventricular obstruction: 
Ang giocardiographic and ultrasonic studies9-? support 
the - concept that obstruction in most patients with 
| T i ertrophic obstructive cardiomyopathy results 
p narrowing of the left ventricular outflow tract 
duced by the apposition of the anterior leaflet of 


j ‘a left atrial Leni a of contrast medium in the right anterior oblique 
^S oosition. There is severe mid-ventricular systolic narrowing. Another 
Hes a of systolic narrowing is present near the left ventricular apex 
_ (A). The apex has slight paradoxical systolic motion. AO = aorta; LA 
- = left atrium; RCA = right coronary artery; other abbreviations as in 
Figure 6. 
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during systole. A characteristic abnormality of the 
systolic motion of the mitral valve can be detected by 
ultrasound, and the degree of this abnormal systolic 
movement has correlated well with the degree of ob- 
struction.'!!° In our Case 2 there was no systolic an- 
terior movement of the anterior leaflet of the mitral 
valve on echocardiography, thus supporting the diag- 
nosis of mid-ventricular obstruction. Cooley et al.!? 
removed the mitral valve and inserted a low profile 
prosthesis in nine patients with obstructive cardio- 
myopathy. They reported abolition or marked reduc- 
tion of the left ventricular outflow gradient in most of 
these patients. Other surgical centers have reported 
good results after excision of a column of septal mus- 
cle of the outflow tract performed by the transaortic 
approach.!6 In our Case 1 postoperative pressure re- 
cordings were not obtained, but the lack of change of 
symptoms and signs in the postoperative period and 
the autopsy findings strongly suggest that septal my- 
ectomy did not relieve the obstruction; the area of 
maximal septal bulging was seen in the postmortem 
specimen to be below the outflow tract, and was not 
reached by the excision procedure. 

The cause of the gradient in the mid-left ventricu- 
lar zone remains unclear. Congenital anomalous mus- 
cle bundles protruding in the right ventricular cavi- 
ty?’ may produce severe obstruction of this chamber 
in its middle portion, but the anatomic and em- 
bryologic bases of this condition are quite different 
from those of classic hypertrophic obstructive cardio- 
myopathy. Gross hypertrophy of the papillary mus- 
cles of the mitral valve has been reported in hyper- 
trophic obstructive cardiomyopathy. It is possible 
that, if the bulk of septal hypertrophy extends to the 
mid-ventricular area, apposition of this abnormal 
septal mass against the hypertrophic mitral papillary 
muscles may result in obliteration of the mid-left 
ventricular area during systole with appearance of a 
large gradient between the apex and outflow tract. In 
Case 1 the anterior papillary muscle was displaced 
toward the base of the heart although the posterior 
papillary muscle was normally situated (Fig. 4). 

Treatment: Of the surgical procedures now used 
to treat hypertrophic obstructive cardiomyopathy, 
neither mitral valve replacement in itself nor outflow 
myectomy by the transaortic approach is likely to be 
successful in relieving the intraventricular gradient 
in the presence of mid-ventricular obstruction; it 
seems more likely that entering the ventricle through 
an apical incision,!? from the left atrium!? or through 
a combined left ventricular-aortic approach?? will 
provide better exposure of the areas affected by the 
abnormal hypertrophic process and thus facilitate 
more effective resection. On the other hand, if the 
papillary muscles are contributing to the mid-ven- 
tricular muscle mass, it may well be that extensive 
papillary muscle resection with insertion of a low 
profile mitral valve prosthesis will reduce the degree 


of mid- ventricular narrowing. In any case, ample ex- 
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posure of the left ventricular cavity would appear es- 
sential to enable the surgeon to judge which proce- 
dure may afford most relief to the obstruction. 

No single mode of treatment for hypertrophic ob- 
structive cardiomyopathy has proved uniformly suc- 
cessful. Both beta adrenergic blockade??? and sur- 
gery!9,16,18,20 provide relief but neither prevents the 
most dreaded complication of this disease, sudden 
death.22 Operative treatment may have a favorable 
effect on prognosis,?2?? but surgical morbidity and 
mortality rates remain relatively high.?? 

Clinical implication: On the basis of the two 
cases reported here, we believe that mid-ventricular 
obstruction should be considered in any patient with 
suspected obstructive cardiomyopathy. Special at- 
tention should be paid to the systolic appearance of 
the left ventricle during angiography in the right an- 


terior oblique projection. If obstruction in the mid- 
ventricle is suggested by the ventriculogram, left ven- 
tricular pressures should be obtained in the inflow, 
outflow and apical areas, preferably simultaneously 
or in rapid succession, to localize the area of the gra- 
dient; catheter entrapment artifacts must be exclud- 
ed by using a catheter with a single end hole, by per- 
forming multiple pullbacks and by ascertaining the 
presence of a blood-filled cavity surrounding the 
catheter tip during systole whenever high pressures 
are recorded. 

Obstructive cardiomyopathy has been called “ 
disease of pitfalls and paradoxes.” ?^* A precise ana- 
tomic and functional diagnosis appears mandatory in. 
patients suspected of having this disease if yet anoth- 
er pitfall is to be avoided in the choice of surgical ap- 
proach. 
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 Eosinophilia and Endomyocardial Fibrosis 


TR EAT Ie, DUNOHPES a 
> RT , x M » 4 


E. 

E. 

_ ALBERT J. LIBANOFF, MD A 12 year old boy died after a 3 year course of recurrent and progres- 
_ NORMA J. McMAHON, MD sive heart failure. His cardiac symptoms began with a marked leuko- 
Pipi A GONES-nin cytosis (white blood cell count 188,500/mm?) due to eosinophilia (90 
Pe | : percent). In 6 months, the leukocytosis and eosinophilia subsided, but 
NM the patient's heart failure progressed over the next 2 1/2 years. At au- 


topsy there was no evidence of leukemia, but a severe endocardial fi- 
brosis extending into the myocardium was found. The origin of en- 
domyocardial fibrosis, although unknown, appears to have been relat- 
ed to the eosinophilia in this patient. 
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Eosinophilia occurs as a manifestation of many different disease pro- 
cesses; however, the mechanism by which it is induced has remained 
enigmatic. The function of the eosinophil has been compared with 
that of the neutrophilic leukocyte. In this comparison the neutrophil 
is an aggressive cell during infection and most prominent during the 
acute infectious stage. The eosinophilic leukocyte is a defensive cell 
during infection and mest prominent during the convalescent phase. 
The eosinophils play an important role during allergic conditions 
such as anaphylactoid reactions, asthma, hay fever and select drug 
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K^ | reactions. However, not every antigen-antibody reaction is accompa- 
gs nied by eosinophilia. Also, not every case of eosinophilia has an aller- 
E. gic pathogenesis since such diverse conditions as parasitic infesta- 
Es. tions, Hodgkin's disease, periarteritis nodosa, sarcoidosis, irradiation 
| ME states and malignant tumors also cause eosinophilia.! 

F | We describe a 12 year old boy who had anemia, eosinophilia and 
E. cardiomegaly. The anemia and eosinophilia subsided but heart fail- 
D ure persisted and progressed and finally caused the patient's death. i 
Pe Case Report 

P The patient entered the hospital at age 9 years because of dizzy spells, fati- 
thse gability and shortness of breath of 7 weeks’ duration. 

d ¢ On admission physical examination, the patient appeared chronically ill. 
b There was no fever. Pulse and heart rate were 120 beats/min and regular, 


blood pressure was 100/70 mm Hg. Pulsus paradoxus was not present. The 


E liver edge was palpated 4 cm below the right costal margin. The spleen was 
E. enlarged and the edge felt 2 cm below the left costal margin. The lungs were 
E resonant to percussion and breath sounds were physiologic. The apex beat of 
B. the heart was felt in the sixth rib interspace at the anterior axillary line. 
E Heart tones were only slightly reduced. A diastolic gallop rhythm was heard 
Es. 


at the apex. The second heart sound in the pulmonary area was slightly ac- 
centuated and greater than the second heart sound in the aortic area. There 
P: was a systolic high-pitched seagull type of murmur heard best at the lower 


left sternal margin and the apex. This murmur radiated into the axillae and 
up to the pulmonary area. 
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_ From the Department of Cardiology and Depart- 


© ment of Anatomical Pathology, City of Hope Routine laboratory data: Hemoglobin was 10.2 g/100 ml, hematocrit 27.5. å 
I Modical Ce Eie hosts: ‘allt Mandtehibt dit percent, white blood cell count 188,500/mm? with 90 percent eosinophils, 4 Gra 
cepted Dücember 11, 1974. percent segmented neutrophils, 3 percent bands, 2 percent lymphocytes and 
Address for reprints: Albert J. Libanoff, MD, 1 percent basophils (Fig. 1). Platelet count was 120,000/mm?. Serum albumin 
; 4950 San Bernardino St., Montclair, Calif. was 3.6 g/100 ml and globulin 2.0 g/100 ml, both within normal limits. Multi- 


-. 91763. ple stool examinations were negative for ova, parasites and occult blood. 
a | 
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FIGURE 1. Peripheral blood slide showing hypochromic red blood 
cells and numerous eosinophils. 
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FIGURE 2. Electrocardiogram indicating biatrial enlargement with 
right axis deviation in the limb leads and clockwise rotation of the 
chest leads. 
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FIGURE 3. Apex of the right ventricle contracted because of the en- 
docardial fibrosis. 1 = apex of the right ventricle; 2 = thick endo- 


cardium; 3 = tricuspid valve leaflet. 
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Special laboratory studies: Results of chromosome 


studies were normal. Bone marrow aspiration revealed. 


marked eosinophilic proliferation at the myelocyte, me- 
tamyelocyte and segmented cell level. There was no reduc- 
tion in neutrophilic elements; plasma cells were mildly in- 
creased and there were fewer than 3 percent myeloblasts. 
Chest X-ray films revealed marked cardiomegaly with in- 
creased vascular markings in both lung fields. The electro- 
cardiogram revealed sinus tachycardia, biatrial enlarge- 
ment and mild right ventricular hypertrophy (Fig. 2). | 
Hospital course: A presumptive diagnosis of eosinophil- 
ic leukemia was made. Two months after admission the pa- 
tient had signs of persistent heart failure. By this time. the 
white blood cell count had fallen to 7 to 10,000/mm?, but 
eosinophilia of 50 to 55 percent persisted. Platelet count. 
was adequate and hemoglobin and hematocrit were norma 
The patient was discharged in an improved state 4 months 
after admission. Heart failure was lessened and leukocyto- 
sis had resolved. In the next 2 1/2 years the patient was 
hospitalized five times for recurrent congestive heart fail- 
ure. Right heart catheterization was performed (Table I). 
At age 12 years, the patient entered the hospital for the last 
time. He could now walk only about a quarter of a block be- 
fore dyspnea occurred. Because of shortness of breath he 
had not attended school for the past 8 months. He had two- 
pillow orthopnea and congestive heart failure that pro- 
gressed to pulmonary edema and cerebral hypoxia. He 
lapsed into a coma and died. bh 


Necropsy "c 


'The heart weighed 410 g and manifested extensive endi: 
cardial and subendocardial fibrosis in both ventricular 
chambers. The intensity of fibrosis varied but was most se- 
vere in the apical portion of the right ventricle, thus de- 
creasing the size of the ventricle by approximately 50 per- 
cent (Fig. 3). The tricuspid, pulmonary and aortic valves 
were normal. The anterior leaflet of the mitral valve was 
completely destroyed; the leaflet and chordae tendineae 
were densely adherent to the underlying endocardium (Fig. 
4). The valve ring of the anterior leaflet was calcified. Cut 
section of the myocardium showed extension of the suben- 
docardial fibrosis into the myocardium in many foci, but 
the fibrotic process appeared to involve primarily and most 
extensively the endocardial and subendocardial Fei 
(Fig. 5). 

There were bilateral pleural effusions (left 200 and right 
300 cc), pericardial effusion (150 cc) and fibrinous epicardi- 
tis. The liver (1,710 g) and spleen (240 g) manifested acute 
and chronic passive congestion, with 500 cc of ascites. Ex- 
amination of the fibrotic changes in the myocardium re- 
vealed no eosinophilic component or vasculitis. The liver, 
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TABLE | 


Cardiac Catheterization Data 
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Pressures Saturation. 

Site (mm Hg) (%) 

Right atrium 26/15 (20) 44. a 
Right ventricle 68/14—26 44 S 

Main pulmonary artery 70/38 (50) 465-73 
Right brachial artery 100/60 (70) ge). oe 


w 


Cardiac output by the Fick method was 2.6 liters/min with a car- 
diac index of 1.3 liters/min per m?. Dye curves were prolonged in all 
variables with reduced recirculation peaks. 

Values in parentheses indicate mean pressures. 
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FIGURE 4. Left ventricle and mitral valve. 1 — destroyed anterior 
leaflet of mitral valve; 2 — posterior mitral valve leaflet; 3 — thick- 
ened endocardium. 


spleen and kidney showed no vasculitis. Bone marrow was 
hypercellular with all hematopoietic cell lines present in 
normal proportion, and there was no evidence of any type 
of leukemia. 


Comments 


Loffler? in 1936 described the syndrome of eosino- 
philia and cardiac disease noting the clinical resem- 
blance to constrictive pericarditis and autopsy find- 
ings of endocardial fibrosis. He called this disease 
process “fibroplastic parietal endocarditis with blood 
eosinophilia”; its cause was unknown. 

Endomyocardial fibrosis has been recognized as a 
disease entity since the mid-1940's.? Davies,‘ in his 
first report of endomyocardial disease in Africans, 





mentioned that patients sometimes had eosinophilia 
that could not be explained by the usual causes. 
Postmortem study of these patients revealed fibrosis 
of the endocardium extending into the myocardium. 
Again the cause was unknown. 

In the Harvard Memoirs of 1953 Janeway,” in dis- 
cussing the blood in immunologic processes, conclud- 
ed that the role of eosinophilic granulocytes in the 
immune process remained a mystery. 

Eosinophilic leukemia versus eosinophilic leu- 
kemoid reaction: There is a distinction, at least the- 
oretically, between genuine eosinophilic leukemia 
and extreme cases of eosinophilia, the so-called eo- 
sinophilic leukemoid reaction. Leukemoid reaction 
has an underlying illness of a nature different from 
that of leukemia. The reaction is reversible and death 
occurs only from the underlying disease process. Leu- 
kemia is autonomous without evidence of another 
underlying illness. It is irreversible and there is evi- 
dence of metastatic spread.! The absolute number of 
eosinophils is not a reliable criterion since eosinophil- 
ic reactions can be massive? (up to 200,000/mm?), 
whereas leukemia may run a “subleukemic” course. 

Bousser’ in 1957 described patients with eosino- 
philic leukemia who at necropsy were found to have 
severe endomyocardial disease apparently due to eo- 
sinophilic infiltrations. Roberts et al.8 described 
three patients with cardiomegaly, congestive heart 
failure and eosinophilia. Necropsy revealed endocar- 
dial fibrosis, myocardial scarring, eosinophilic hyper- 
plasia of the bone marrow and spleen without abnor- 
mal myeloblasts and occasionally thrombosed small 
arteries in the heart, spleen, kidneys and lungs. They 
concluded that their three patients and patients with 
Lóffler's endocarditis and others with “eosinophilic 


FIGURE 5. Microscopic section showing endo- 
cardial and subendocardial thickening by fibro- 
sis. This fibrosis extends into the myocardium. 





"Jeukemia" had the same disease, Endomyocardial fi- 


brosis described in African patients without eosino- 
philia? was considered a late or inactive stage of this 
disease. 

'The term hypereosinophilic syndrome was used by 
Hardy and Anderson!? to describe three patients 
with eosinophilia, cardiac or pulmonary abnormali- 
ties, or both, and hepatosplenomegaly. In the mild 
form of this syndrome there was eosinophilia and 
mild cardiac or pulmonary involvement, or both. The 
disease could be self-limited and might stabilize or 
progress to a more severe involvement. In the latter 
case it presented as eosinophilia with cardiac or pul- 
monary symptoms, or both, and a systemic type of 
reaction due to eosinophilic infiltration of organs 
such as the heart, lung, bone marrow, liver, spleen 
and kidneys. This form of the disease was usually 
fatal. 

Lóffler's endocarditis versus endomyocardial 
fibrosis: Brockington and Olsen!! reviewed the find- 
ings in 90 reported cases of endomyocardial lesions 
associated with eosinophilia (Lóffler's endocarditis). 
They personally studied the histologic features in 30 
of these cases and compared them with findings in 32 
other cases of fibrotic lesions due to Davies' endo- 
myocardial fibrosis. They concluded that Loffler’s 
endocarditis could not be differentiated histologically 
from Davies' endomyocardial fibrosis. 

In endomyocardial disease the fibrotic endocardial 
lesions characteristically involve one or more of three 
sites, the apex of the right ventricle, the posterior 
wall of the left ventricle and the apex of the left ven- 
tricle.!? In our patient involvement was most severe 
at the apex of the right ventricle (Fig. 3). The endo- 
cardial involvement served to restrict the cavity of 
the right ventricle and rendered the tricuspid valve 
incompetent. The physiologic consequences were in- 
creased right ventricular filling pressure and reduced 
cardiac output (Table I). These hemodynamic find- 
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ings are similar to those of constrictive pericarditis. 1 
but, instead of constricting the outside covering of 3 
the heart, endomyocardial disease causes the inner. 
lining of the heart to be thickened and stiff. — / 
The destruction of the anterior leaflet of the mitral” 
valve by calcification was an unusual finding (Fig. 4). 
The resulting mitral regurgitation contributed to the j| 
reduced cardiac output and the increased systolic | 
right ventricular pressure. Since no evidence of acute - 
rheumatic fever was found clinically or pathological- 
ly, it was assumed the same process that caused the 
endomyocardial fibrosis accounted for the severe de- - 
struction of the mitral valve. . ^ 
Immunologic basis for endomyocardial fibro- 
sis: The contribution of immunologic events to the. 
etiology of endomyocardial fibrosis is a matter of 
speculation. Eosinophilia, which appeared early in 
our patient’s course, has been reported to be an early : 
phenomenon in endomyocardial disease. Initially the. 
disease presents with symptoms of a diffuse nature 
with involvement of the liver, spleen, lymph nodes, - 
bone marrow and heart. In some patients arteritis 
has been found at autopsy. In others, as in our pa- 
tient, only heart failure and marked fibrosis of the 
endocardium are evident at postmortem study. 
Eosinophils are chemotactic for antigen-antibody — 
complexes, particularly when these are combined - 
with activated components of the compliment sys- 
tem.!? The destruction and calcification of the ante- - 
rior leaflet of the mitral valve in our patient was simi- 
lar to valve lesions found in rheumatic heart disease. 
Rheumatic fever and subsequent valvular heart dis- 
ease have been shown to result from an asi. 
(antigen-antibody) reaction. | 
In conclusion, from the data in our case and those 
previously reported it can be speculated that en- 
domyocardial fibrosis results from a delayed immu- 
nologic reaction in which the eosinophilic leukocyte 
plays a dominant role. Pr 
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Tricuspid Insufficiency Due To Nonpenetrating Trauma 


This case of tricuspid insufficiency due to nonpenetrating trauma in- 
volved a male patient who had received major chest trauma in an au- 
tomobile accident, had a nonholosystolic murmur that increased 
slightly during inspiration on standing, and transient electrocardio- 
graphic findings of right bundle branch block. Unlike findings in previ- 
ous cases, the right atrial V wave was not dominant and was less than 
8 mm Hg. An echocardiogram indicating right ventricular volume over- 
load was an essential diagnostic tool that led to cardiac catheteriza- 
tion and definitive diagnosis. 


Tricuspid insufficiency as a rare result of penetrating! and nonpene- 
trating? trauma has been the subject of recent reports. We report 
this case of traumatic tricuspid insufficiency because of its nonspecif- 
ic and occult clinical findings, an atypical catheterization finding and 
the key role that echocardiography played in the diagnosis. 


Case Report 


A 21 year old black man, on active duty with the Army, received major an- 
terior chest and face trauma in an automobile accident on September 29, 
1973. He had no known congenital heart disease, rheumatic fever, rheumatic 
heart disease or murmur before the accident. Clinical findings during his hos- 
pital course, first at Baptist Hospital, Nashville, Tenn. and later at the U.S. 
Army Hospital, Fort Campbell, Ky., included nondisplaced mandibular and 
sternal fractures, pulmonary infiltrates and effusions, fever with spontaneous 
resolution (without infection noted and without use of antibiotic agents), glu- 
cose-6-phosphate dehydrogenase deficiency and phlebitis of the left brachial 
vein, which was secondary to a central venous pressure line and resolved with 
phenylbutazone therapy. The cardiovascular course was complex. 

During the first 2 weeks of hospitalization, pericarditis was evidenced by a 
loud three component pericardial friction rub. Pericardial effusion was evi- 
denced by an enlarged cardiac silhouette on X-ray examination and echocar- 
diographic demonstration of an echo-free space between echoes from the pos- 
terior left ventricular wall and the pericardium. No evidence of tamponade 
was found. The electrocardiogram revealed right bundle branch block, QRS 
duration of 0.14 second, and left axis deviation with a QRS axis of —40°. Dur- 
ing the 4th week of hospitalization, a diagnostic pericardiocentesis was per- 
formed because of the fever. Serosanguineous sterile fluid was obtained using 
a subxyphoid approach. After the procedure, a paradoxical pulse of 20 mm 
Hg was observed, and the patient was closely monitored during the next 3 
days with no further complications. By the 6th week of hospitalization, the 
pericardial rub resolved, and the cardiac silhouette returned to normal. The 
right bundle branch block resolved leaving a QRS axis of —35? and a QRS 
duration of 0.10 second. The QRS duration subsequently shortened to 0.08 to 
0.09 second. ! | 

Physical examination: At this time, vital signs were within normal limits, 
and there was no paradoxical pulse noted. Jugular venous and carotid arteri- 
al pulsations were normal. The lungs were clear. Cardiac.examination re- 
vealed a normal left ventricular impulse in the fifth intercostal space within 
the midclavicular line. The sternal and left parasternal area was abnormally 
dynamic with apparent systolic outward motion; but this finding was diffi- 
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FIGURE 1. Echocardiogram showing enlarged right ventricular cavity 
(30 mm) and abnormal, type A, anterior systolic septal motion. MV 
= anterior mitral valve leaflet echo; RV = right ventricular end-dia- 
stolic dimension; S = intraventricular septum. 


cult to interpret because of the sternal fracture. The first 
heart sound was normal; the second was physiologically 
split. A third heart sound was heard better along the left 
sternal border than at the apex and increased in intensity 
with inspiration, suggesting it was of right ventricular ori- 
gin; no fourth heart sound was heard. A grade 2/6 high- 
pitched systolic ejection murmur was noted in the third 
and fourth intercostal spaces left of the sternum. The mur- 
mur increased slightly in intensity and duration during in- 
spiration, especially when the patient was standing. At no 
time was this murmur holosystolic. 

Echocardiography: Because of the murmur, (the 
“right-sided” third heart sound and the suggestion of right 
ventricular enlargement in the echocardiogram obtained 
for the diagnosis of pericardial effusion, repeat echocar- 
diographic evaluation was performed with the patient in 
the supine position using a 0.5 cm diameter, 2.25 mega- 
hertz, 10 cm focused transducer (Echoline 20, Smith Klein 
Instruments, Palo Alto, Calif.) (Fig. 1). This revealed an 
enlarged right ventricular end-diastolic dimension of 30 
mm or 17 mm/m? (normal 7 to 23 mm or 5 to 12 mm/m^?).* 
The right ventricular end-diastolic dimension was mea- 
sured immediately before the electrocardiographic Q wave 
as the vertical distance between the echoes from the anteri- 
or right ventricular wall and those from the anterior sur- 
face of the intraventricular septum. The latter are clearly 
shown in Figure 1. The anterior right ventricular wall was 
defined in accord with the standards suggested by Feigen- 
baum,? that is, the first moving echo posterior to the non- 
moving chest wall echoes or a distance of 0.5 cm posterior 
to the chest wall. Both criteria were met by our measure- 
ment. Moreover, selective obliteration of this echo by in- 
crease in damping on other recordings confirmed its identi- 
ty. 

Both the anterior and posterior intraventricular septal 
echoes demonstrated a sustained anterior motion during 
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systole. This finding has been defined as abnormal type A 
septal motion in contrast to abnormal type B septal motion 
wherein the posterior septal echo remains essentially fixed 
and the anterior intraventricular septal echo moves anteri- 
orly due to septal thickening during systole. Both A and B 
types of abnormal septal motion are indicative of volume 
overload of the right ventricle and are in contradistinction 
to the normal posterior motion of the intraventricular sep- 
tum during systole. The echocardiogram presented and 
others in this patient were performed with the ultrasonic 
beam directed sufficiently toward the apex to avoid confu- 
sion with the systolic anterior septal motion that normally 
occurs nearer the aortic root.^* No abnormality of the tri- 
cuspid or mitral valve was demonstrated in spite of ade- 
quate visualization of the anterior leaflet of the mitral and 
tricuspid valves and partial visualization of the posterior 
leaflet of the mitral valve. 

Cardiac catheterization and angiography: The clini- 
cal course compatible with traumatic tricuspid insufficien- 
cy and supported by the echocardiographic findings of 
right ventricular volume overload led to the patient's refer- 
ral to Walter Reed Army Medical Center, Washington, 
D.C., for cardiac catheterization. Right heart catheteriza- 
tion performed on January 24, 1974, revealed the following 
pressures (mm Hg): Right atrial mean 3 (a wave 4, v wave 
4); right ventricular 30/0-5; pulmonary arterial 30/8, mean 
16; pulmonary wedge mean 10 (a wave 10, v wave 12). A hy- 
drogen curve with sensing in the pulmonary artery was nor- 
mal (7 seconds). Ascorbate curves revealed immediate ap- 
pearance in the right atrium after right ventricular injec- 
tion but not in the superior vena cava after pulmonary ar- 
terial injection. Cineangiography with 25 cc of contrast me- 
dium injected in 1 second into the right ventricle revealed 
contrast regurgitation from the right ventricle to the right 
atrium both before and after the angiographic catheter was 
removed from the right ventricular cavity (Fig. 2). Firm an- 
giographic evidence of tricuspid insufficiency is difficult to 
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FIGURE 2. Right ventricular angiogram. Systolic frame after with- 
drawal of angiographic catheter and clearing of contrast dye from 
right atrium during the preceding diastole. Contrast dye again regur- 
gitates from the right ventricle with opacification of the right atrium, 
superior and inferior venae cavae. 























Jm UNL Ewe Tea 
ik CU GER y induce tric 


cu This possibility was certainly consid- 
io ered but. SA of the contrast regurgitation even into the 
| in EN de cava after catheter withdrawal and the other 
sup portive í data, a final diagnosis of mild hemodynamically 
* in significant tricuspid regurgitation was made. Because the 
was « essentially asymptomatic, prophylaxis for sub- 
ite iun endocarditis and yearly medical follow-up 
were deemed t the only necessary treatment. 
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Discussion 


r E arieuspid msuficiency 1 is a rare complication of ei- 
ger ' penetrating! or nonpenetrating?? chest trauma. 
KO Jurs represents the 28th reported case of tricuspid 
Pain nee the description by Williams? in 1829. Features 
vin common with previous reports, as reviewed by 
Ma arvin et al.,? include the patient's male sex, his re- 
"ceipt of major chest trauma in an automobile acci- 
it, the nonholosystolic murmur at the left sternal 
I Rider and electrocardiographic findings of (tran- 
mg sient) right bundle branch block as well as persistent 
d eft axis deviation. Several other features were either 
- atyy ical or deserve specifie comment. 
— First, the physical findings were initially obscured 
! T the » trauma itself, the instability of the sternum 
_ due to fracture and the loud pericardial friction rub. 
| Only by careful follow-up examinations was the mur- 
, mur at the left sternal border heard. Furthermore, its 
inter p retation ‘was moot. Inspiratory accentuation 
n we 3 inconsistent i in the supine position but could at 
"times be appreciated with the patient standing. 
C Co bi sio has stressed the importance of examining 
E. ly patient with suspected tricuspid insufficiency in 
ae he standing position. Nevertheless, most observers 
were willing to ascribe the murmur to a physiologic 
| yp 3 monary outflow murmur. With the aid of echocar- 
graphy, abnormal type A septal motion and an en- 
Jar ‘ged right ventricular end-diastolic dimension were 
oted (Fig. 1). Although no specific abnormality of 
cuspid valve motion was noted, this indirect evi- 
dence of right ventricular volume overload!!-!3 was 
th oe feature that encouraged cardiac catheteriza- 
tion if definitive diagnosis. 
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s - eehocardiography was an essential diagnostic proce- à 


dure in the diagnosis of traumatic tricuspid insuffi- 


ciency due to nonpenetrating trauma. Similar echo- - 
cardiographic findings were reported in one case of - 


traumatic tricuspid insufficiency after penetrating 
trauma, but the diágnosis of cardiac abnormalit 


clinically obvious in that case from the outset. Ihe 


tricuspid valve is more difficult to study by echocar- 
diography than the mitral valve because of both the 
location and the plane of the tricuspid valve leaflets. 
Visualization of the anterior tricuspid leaflet alone is 
most frequent and is often incomplete; rarely, the 
posterior leaflet is visualized in part or in full. Ab- 
sence or incomplete recording of valve echoes cannot 
be used to denote abnormality since such incomplete 
echoes are most frequently technical. Thus, inability 
to demonstrate specific abnormality of the tricuspid 
valve leaflet echoes in our case is not surprising. In- 
deed, mitral valve echocardiography in which full vi- 
sualizatiom of posterior as well as anterior leaflet 
echoes throughout the cardiac cycle can be more 
readily accomplished shows no diagnostic abnormali- 
ty in most cases of mitral regurgitation of rheumatic 
origin and is diagnostic only in limited forms of mi- 
tral regurgitaion such as the mitral valve prolapse 
syndrome or flail mitral valve.!4 In contrast, the sen- 
sitivity of the echocardiogram in detecting a right 
ventricular volume overload pattern in our case was 
impressive. 

Finally, chamber pressures found at cardiac cathe- 
terization were atypical in that the only abnormality 
was equalization of the right atrial a and v waves at 4 


mm Hg. In each of the 24 previous cases studied at 


cardiac catheterization, there was a dominant right 
atrial v wave of more than 8 mm Hg.? Other causes of 
right ventricular volume overload such as left to right 
shunts were ruled out during catheterization. These 
findings, together with the absence of murmur or car- 
diac histery before the chest trauma and the typical 
and changing electrocardiographic abnormalities 
caused by the trauma, all dictate that the findings of 


tricuspid insufficiency were secondary to the nonpen- - 


etrating chest trauma the patient sustained. 
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Right Ventricular Infarction With Tricuspid Insufficiency and 
Chronic Right Heart Failure 


DONALD D. ZONE, MD A patient with chronic right heart failure and probable tricuspid insuffi- _ 
ROBERT E. BOTTI, MD, FACC ciency associated with an inferior myocardial infarction is described. — 
Angiograms demonstrated total occlusion of the right coronary artery — 
at its origin, a patent venous bypass graft to the mid-right coronary ar- 
tery and hypokinesia of the inferior wall of both the right and left ven- 
tricles. Clinical data indicated a greater impairment of right than of left. 
ventricular function. It is proposed that infarction of the right ventricle 
A resulted in chronic right heart failure and tricuspid insufficiency. 


Cleveland, Ohio 


The effects of ischemia on the right ventricle have only begun to be 
elucidated.!:? One recent report? provides clinical, hemodynamic and 
pathologic evidence of right ventricular infarction and acute right 
ventricular dysfunction occurring during the first few days after a 
myocardial infarction. No instances of chronic dysfunction from isch- 
emic disease of the right ventricle have been noted, and angiographic 
evidence of right ventricular infarction has been lacking. The clinical, 
hemodynamic and angiographic data presented here suggest that, in - 
a patient with an inferior myocardial infarction, right ventricular in- 
farction occurred and led to chronic tricuspid insufficiency and right 
heart failure. 


Case Report 


A 48 year old white woman was referred to University Hospitals of Cleve- 
land for evaluation of continuing right-sided congestive heart failure. She 
had been well until July 20, 1971, when she was hospitalized at another insti- 
tution after having an acute inferior myocardial infarction. Complete heart 
block developed, and a transvenous cardiac pacemaker was inserted. Shortly 
thereafter cuff arterial pressure became unobtainable despite treatment with 
vasopressor agents. Cardiac catheterization was performed while an intraar- 
terial pressure of approximately 60/40 mm Hg was maintained with an infu- 
sion of levarterenol. Coronary arteriograms demonstrated total occlusion of 
the proximal right coronary artery and a normal left coronary system. At sur- 
gery, it was noted that the right ventricle and posterior aspect of the left ven- 
tricle were akinetic. A saphenous vein bypass of the right coronary artery was | 
performed, and the patient was maintained on cardiopulmonary bypass until — 
contractility of the ventricle improved and sinus rhythm had replaced com- | 
plete atrioventricular block. The patient's condition gradually improved and 
she was discharged. 

The patient then did well until May 1972 when she was hospitalized else- 
where and treated for predominantly right-sided congestive heart failure. 
She was hospitalized again in February 1973 for a similar problem. Past his- 
tory disclosed that the patient had had an abnormally low radioiodine thy- 
roid uptake in 1966 and had been treated since with levothyroxine. There 
was no history of rheumatic fever. 


From the Department of Medicine, University 
Hospitals, and the Case Western Reserve Uni- 
versity School of Medicine, Cleveland, Ohio. 
Manuscript accepted January 3, 1975. 


Address for reprints: Robert E. Botti, MD, De- Physical examination disclosed a regular heart rate of 70 beats/min and a 
partment of Medicine, University Hospitals of blood pressure of 142/80 mm Hg. Xanthelasma was present. A prominent V 
Cleveland, 2065 Adelbert Rd., Cleveland, Ohio wave was observed in the pulse of the jugular vein, which was 15 cm vertically 


44106. above the angle of Louis. The apical impulse was located slightly outside the 
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1 . FIGURE 1. Electrocardiogram 20 rübhihs ah bypass surgery 
- Showing a transmural inferior myocardial infarction and T wave in- 
3H versions in the precordial leads. 


yet: 


d fi midclavicular line, and a grade 2/6 pansystolic murmur 
— was heard along the left sternal border. A similar murmur 
m heard at the apex and radiated to the axilla. An early 

. decrescendo diastolic murmur and fourth sound gallop 
B were noted at the apex. The liver edge was pulsatile and 
was felt four fingerbreadths below the right costal margin 
dn the midclavicular line. 

‘he electrocardiogram revealed a tiansmural inferior 
(myocardial infarction of undetermined age (Fig. 1). A chest 
X-ray film disclosed cardiomegaly and pulmonary vascular 
a “congestion. No valvular calcifications were seen on cardiac 
_ fluoroscopy. Fasting serum triglyceride level was 195 mg/dl 

and the cholesterol level 195 mg/dl; the electrophoretic 
i . pattern suggested type IV hyperlipoproteinemia. 
— Cardiac catheterization (Fig. 2) performed on March 20, 
- 1973 revealed a prominent V wave (21 mm Hg) in the right 
- atrial pressure tracing, indicating probable tricuspid insuf- 
. ficiency. The right ventricular end-diastolic pressure (18 
mm Hg) was increased disproportionately in relation to the 
— mild increase in left ventricular end-diastolic pressure (19 
i to 21 mm Hg) and pulmonary arterial pressure (mean 18 
$ mm Hg). The pulmonary capillary wedge pressure was nor- 
mal (mean 14 mm Hg). 
_ The venous bypass graft to the right coronary artery was 
AN videly patent, filling the artery distally and also proximally 
. almost to the aortic orifice (Fig. 3). The left coronary artery 
- was normal. Injection into the superior vena cava with the 
E patient supine revealed no significant increase in the peri- 
- cardial shadow, thus excluding significant pericardial effu- 
sion. A similar injection made with the patient in the right 
um anterior oblique position filled the right ventricle well. The 
ponent ventricle appeared larger than normal and had a hy- 
- pokinetic inferior wall (Fig. 4A). Clearing of contrast medi- 
. um from the right ventricle was extremely slow. A moder- 
| ate degree of tricuspid insufficiency was noted with the 
l tee through the tricuspid valve and with the tip free 
2 

















in the right ventricular cavity. A left ventricular injection 
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FIGURE 2. Pressure tracings taken 20 months after inferior myocar- 
dial infarction. A, right atrium (RA). Prominent V waves indicate tri- 
cuspid insufficiency. The mean pressure is increased (14 mm Hg, 
normal — 1 to +8). B, right ventricle (RV). The end-diastolic pressure 
is increased (18 mm Hg, normal 0 to 8). C, tracing taken as the 
catheter was pulled back from pulmonary wedge position (PCP) to 
the main pulmonary artery (PA). Both mean pressures are normal. 
(Normal mean pulmonary capillary wedge pressure 6 to 15 mm Hg, 
normal pulmonary arterial mean pressure 10 to 22.) D, left ventricle 
(LV). The end-diastolic pressure is increased (normal 4 to 12 mm 
Hg). 





FIGURE 3. Frame of coronary Cineónglegiam: The venous bypass 
graft (b) was injected with a contrast agent and noted to be widely 
patent. The right coronary artery (a) fills proximally almost to its ori- 
gin. 
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FIGURE 4. Contraction plots traced from the diastolic (solid line) and systolic (dotted line) frames of the ventricular cineangiograms. A, right 
ventricle. The motion of the inferior wall is poor, especially near the tricuspid valve. The ribs and wire suture were used as markers in superim- 
posing the frame. B, left ventricle. There is poor motion of the inferior wall. C, right ventricle of a patient with a transmural inferior myocardial in- 
farction and no right ventricular failure. There is good motion of the inferior wall. D = diaphragm. 


revealed an akinetic inferior wall with a minimal increase 
in the total volume of the ventricle (Fig. 4B). A minimal 
degree of mitral regurgitation was noted. 

Since cardiac catheterization, the patient has been main- 
tained on a regimen of digoxin and diuretic agents with 
good control of her right ventricular failure. 


Comments 

Incidence of right ventricular infarction: 
There have been only a few published reports of right 
ventricular infarction. In 1948, Wartman and Heller- 
stein* reported on the prevalence of heart disease in 
2.000 consecutive autopsies. Myocardial infarction 
was found in 160 cases, but involved the right ventri- 
cle in only 22. In only four instances was the right 
ventricle alone involved, and in each instance the 
right main coronary artery was involved. 

In 1952 Zaus and Kearns? reported a case of mas- 
sive infarction of the right ventricle and analyzed 11 
previously reported instances of primary infarction of 
the right ventricle. Their report focused on correla- 
tion of the electrocardiograms with the pathologic 
findings. None of the four patients for whom clinical 
data were available survived more than 2 weeks after 
the clinical episode of infarction. 

In 1963 Laurie and Woods described 46 cases of 
right ventricular infarction in their series of 300 au- 
topsies on patients with coronary artery disease. Of 
these, 13 demonstrated gross evidence and 33 cases 
only microscopic evidence of right ventricular infarc- 
tion. They concluded that, despite the high incidence 
rate of main right coronary artery disease, the right 
ventricle was damaged much less often and much less 
severely than might be expected. 

Three basic hypotheses have been offered to ex- 
plain the relative immunity of the right ventricle to 
infarction. In 1940 Blumgart et al.’ reasoned that this 
immunity occurs because the “right ventricle is thin- 
walled and derives considerable nourishment from 
the blood content within its cavity." In 1956 Wood? 
emphasized that the right ventricle is supplied by the 
two largest arterial branches of the right coronary ar- 
tery and that it offers little resistance to systolic cor- 
onary flow. Laurie and Woods? reemphasized the ex- 


cellent blood supply of the right ventricle as the 

probable reason for the lack of ischemic damage to 

this chamber. They noted that the anterior third of 
the right ventricle near the septum is supplied by a 
high branch of the left anterior descending coronary 
artery and the right conus branch and that the re- 

maining two-thirds is equally well supplied from the 
right main coronary artery within a few millimeters 
of its orifice, usually proximal to areas of narrowing. 


Right ventricular infarction and right ventric- — 
ular failure: Early reports also expressed the con- 
cept that peripheral congestive failure is not immedi- 
ately related to failure of the right ventricle.59-1! 
This observation was based on cases studied post 
mortem in which some right ventricular failure may 
have been present, but only terminally and in the 
presence of severe left ventricular dysfunction, thus 
making the role of right ventricular function difficult 
to assess. It was also noted that severe damage to the 
right ventricle of the dog did not result in acute right 
ventricular failure.!9!? In contrast to previous find- 
ings, right ventricular dysfunction was recently dem- 
onstrated!? after cauterization of the canine right 
ventricle. Other reports!” have also confirmed that 
right ventricular dysfunction, demonstrated hemody- 
namically and echocardiographically, is common in 
acute inferior myocardial infarction and that its oc- 
currence is disproportionate to changes in left ven- - 
tricular function. 


Hemodynamic features of right ventricular in- 
farction: Cohn et al? recently reported the clinical 
and hemodynamic features in six patients with a di- 
agnosis of right ventricular infarction supported by 
autopsy studies in two cases and in all cases by right 
and left heart pressure data and clinical evidence of 
right heart failure. They noted a unique syndrome in 
which the right ventricle is unable to maintain ade- 
quate left ventricular filling, and they treated three 
patients effectively with plasma volume expansion or 
sodium nitroprusside. The four patients who sur- 
vived were asymptomatic at the time of discharge, 
and the two patients who underwent recatheteriza- 
tion were noted to have significant improvement of 
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RIGHT VENTRICULAR INFARCTION—ZONE AND BOTTI 


"their hemodynamic status. Rackley and Russell!4 
- have summarized the role of right ventricular func- 
. tion in acute myocardial infarction. 
| We believe our case represents an instance in 
- which ischemic disease of the right ventricle caused 
. persistent hemodynamic alterations and tricuspid 
— valve dysfunction. The disproportionate impairment 
of right as compared with left ventricular function 
- was demonstrated by end-diastolic pressure data and 
- ventriculograms. It was also gauged clinically by the 
event preponderance of right over left ventricular 
E _ failure. These findings suggest that infarction of the 
: right ventricular myocardium was a significant factor 
. in our patient's symptoms. Right ventricular failure 
i in this patient may also be explained, in part, by the 
. presence of a significant degree of tricuspid insuffi- 
M ciency. The exact cause of the lesion is uncertain, but 
enlargement of the right ventricular chamber or pa- 
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[ pillary muscle dysfunction, or both, may well account 

E for the valvular dysfunction. Although right ventricu- 

er 1. Al-Sadir J, Folicov R, Zahavi I, et al: Right ventricular dysfunc- 

E tion in acute inferior myocardial infarction (abstr). Circulation 

^. 48:Suppl IV:IV-59, 1973 

—  .2. Gomez G, Fresch D, Grismer J, et al: Hemodynamic and echo- 
x cardiographic correlation of right ventricular dysfunction in 
» acute myocardial infarction (abstr). Clin Res 21:420, 1973 

T 3. Cohn JN, Guiha NH, Broder MI, et al: Right ventricular infarc- 

Be tion: clinical and hemodynamic features. Am J Cardiol 33:209- 

Ri 215, 1974 

_ 4. Wartman WD, Hellerstein HK: Heart disease in 2,000 consecu- 

es tive autopsies. Ann Intern Med 28:41-65, 1948 

— 5. Zaus EA, Kearns WM: Massive infarction of the right ventricle, 

ge report of a case. Circulation 6:593-598, 1952 

_ . 6. Laurie W, Woods JD: Infarction (ischemic fibrosis) in the right 

m ventricle of the heart. Acta Cardiol 18:399-411, 1963 

- .. 7. Blumgart HL, Schlesinger MJ, Davis D: Studies on the relation 

Ey of the clinical manifestation of angina pectoris, coronary throm- 

iod bosis and myocardial infarction to the pathological findings. Am 

Ds Heart J 19:1-91, 1940 
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lar failure itself may explain the prominent V wave in 
the right pressure pulse, the systolic murmur and an- 
giographically demonstrated reflux of dye through 
the valve make the diagnosis of tricuspid insufficien- 
cy more likely. 

Since studying this patient we have performed 
eight more right ventricular angiograms in patients 
with old inferior myocardial infarction diagnosed by 
electrocardiogram and left ventriculogram. In all but 
one case contraction of the inferior wall of the right 
ventricle was good (Fig. 6) in contrast to the finding 
in the patient described herein. The one patient 
whose right ventricular contraction was poor did not 
have signs of tricuspid insufficiency or right ventricu- 
lar failure. 
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fe LETTERS TO THE EDITOR. 


PREVENTION OF HEART DISEASE—I 


A status report on coronary artery disease and a sobering 
assessment of our accomplishments was recently pub- 


" lished.! The authors found no cause for rejoicing in the 


fundamental achievements of the past two decades and fo- 

cused on the despair of not yet having discovered the 

causes of or satisfactory treatment for this disease. 
Atherosclerosis is a disease of the arterial wall. The clini- 


— cal investigations of the last century have led physicians to 


believe that it is a disease of the blood. I am reminded of 
the drunk who was on his hands and knees near a lamp 
post one night. A well meaning passerby asked him what he 
was looking for. 'The drunk responded that he was search- 
ing for a quarter he had dropped. “Where did you hear it 
fall?" asked the stranger. "Across the street" was the 
drunk's answer. “Why are you looking for it here?" the 
stranger demanded to know. “Because, you fool," explained 
the drunk, “there is no light across the street." Blood is 
abundant and accessible and hospitals have well run labo- 
ratories that regurgitate numbers from which we can draw 
graphs and make correlations. Recall the countless publica- 
tions and resulting polemics: Was beta lipoprotein or 
serum cholesterol a better index? A decade later another 
round of controversy commenced when some investigators 
claimed that triglyceride was the measurement that had 
the best predictive value. The Drs. Corday have wisely rec- 
ognized that less than a majority of patients with coronary 


artery disease can be bent, twisted, squeezed or otherwise 


forced into the S; centrifuge tubes of Gofman, the fat tables 


. of Albrink or the Roman numerals of Fredrickson. 


Is the recognition of multifactoral risk factors another 


Great Leap Forward? Not to anyone who has heard the 


term “LDso.” All disease is produced by interaction be- 
tween a host and etiologic agent or agents. Even single etio- 


- logic agents may be modified: Pasteur "attenuated" the ra- 
- bies virus, virulence of the diphtheria bacillus is altered by 


invasion by phage. Environmental, nutritional and myriad 
other factors influence host susceptibility. It seems almost 


axiomatic that multiple factors influence atherogenesis, 


but evaluation of the importance of individual factors will 
have to await identification of etiologic agents. 

A subtle inference suggested by the Cordays is that An- 
itschkow misdirected generations of investigators. I believe 
Anitschkow's experiments in the early years of this century 
were classic in decisiveness and provided us with the most 
durable clue yet uncovered. He demonstrated that choles- 
terol was the single factor that, when added to the diet, in- 
duced the disease in rabbits. He carefully demonstrated 
that animal or vegetable fat (triglyceride) in the diet did 
not cause formation of atheromas. Since Anitschkow, the 
disease has been produced in many species, and interven- 
tions such as thyroidectomy, X-irradiation and trauma 
have been used to accelerate lesion formation, but the regi- 
men must invariably include the addition of cholesterol to 
the diet. Nonatherosclerotic arterial lesions have been pro- 
duced without a cholesterol-supplemented diet, but never 
the formation of atheromas. Anitschkow's work clearly as- 
signed a principal etiologic role to cholesterol but did not 
identify how the cholesterol does its dirty work. It may be 


. that its etiologic activity occurs in the liver (or arterial 
. wall) rather than in the blood; for example, cholesterol may 

. cause the liver either to produce something or to fail to pro- 
. duce something essential for endothelial health or integri- | 
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ty. Nevertheless, Anitschkow made a worthy acutius 3 
and cannot be blamed because the inferences clinicians de- 
rived from his work proved faulty. Our efforts to control n 
atherosclerosis by attempted reduction of the blood choles- . à 
terol concentration have not been rewarded. Similarly, dia- | 
betologists of the pre-insulin era tried to lower the blood 
sugar by starvation because they had an incomplete under- - 
standing of the disease with which they struggled. | S 
The atheroma always contains lipid and an excess of seem 
lesterol esters. As the disease progresses, the accumulation | 
of lipid becomes ever more prominent and e t B 
normal cellular architecture is destroyed. This : S 










noble structure just did not Sea: to be indent the sd a 
light. Why have we been so slow to recognize the. centr al 
role of the artery in atherosclerosis? Would you suggest t T 
an investigator interested in solving the problem of Laen- | 
nec's cirrhosis that he study the spleen? The time has come. 
to recognize that a crash program is needed to SO the ar- N 
teries. a 
Our therapeutic approach has reflected our unresaéned ^ % 
frustration. Twenty years ago we took the fat from our pa- | 
tients’ diets. Ten years later that was abandoned and we 
tortured them by telling them to eliminate carbohydrate. . 
We also administered drugs that caused rashes, depilated i 
their scalps, caused them to bleed or led to obstipation; . 5, 
the same time we deplored the request of the Food and 
Drug Administration that clinical effectiveness be docu- 
mented. 3 
We must prevent atherosclerosis. Much money iod rer 
search needs to be invested in this problem. We cannot af- | 
ford to waste any more decimillions on “comprehensives, 
programs” for studying large populations to search for — 
“statistical correlations.” If the past 30 years have not. À 
taught us the lack of wisdom of such expensive projects and - 4 
surveys, we will have another decade of useless correlations ' 
and precious little fundamental knowledge. Remember the 
16 hospital study of anticoagulants for the treatment of- 
acute myocardial infarction in 1950. A few years later mul- 
tiple hospital studies spanning the Atlantic Ocean evalu- | 
ated the treatment for acute rheumatic fever. One study - 
demonstrated the effectiveness of aspirin, another clearly $ 
showed the superiority of steroids and a third unequivocal- 2 
ly proved that neither therapeutic regimen was better than 
the other. Please God, President Ford, Congress, the Amer- — 
ican College of Cardiology and the American Heart Associ- | 
ation: Use your influence and wisdom to spare us the ex- : 
pense and futility of population surveys, multihospital - 
treatment evaluations and statistical correlations. | 3 
I shudder to imagine the National Institutes of Heels 
Task Force recommending to Robert Koch that his work | 
had little relevance to human health. Tuberculosis was an 
urgent health problem, and had not valuable correlations 3 
already been uncovered? The disease occurred with great- — 
est frequency in certain families and populations, correlat- ' 
ed closely with diets low in fat and calories and statistical | à 
relationships had been demonstrated among e pue 
and coal miners. Therefore, Dr. Koch’s work would have | 
lower priority than another grand 10 year prospective | 
study that would certainly provide etiologic understanding. - d 
Tuberculosis would be proved to be a genetic disease, hav- — 
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.. leged and unhappy), finding expression in persons with 
É . blood type Q, accelerated by increased atmospheric pres- 
_ _ gure and would be cured by inclusion in the diet of polyun- 
— saturated ribinoleic acid. 

Arthur F. Whereat, MD, FACC 
Cardiovascular Section 

Ls Department of Medicine 

Hospital of the University of Pennsylvania 
Philadelphia, Pennsylvania 
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PREVENTION OF HEART DISEASE —II 


_ The editorial of Eliot and Stephen Corday! expresses a 
- very real and deep concern that we may be abandoning the 
E S aditional pursuit of truth through basic investigation for 
fe the siren call of expediency and empiricism. With due re- 
. gard for Dr. Eliot Corday's contributions and for his ob- 
.. viously sincere concerns, I believe that issue should be 
taken with some of his observations and conclusions. The 
3 general disparagement of a prudent, reasonable, safe, hygi- 
- enic and promising preventive approach to reduce the vast 
social burden of ischemic heart disease in this country is 
- most unfortunate. Moreover, I believe it is quite unneces- 
à EN sary to his point. 
TM First, an important part of this and other controversies 
TR jn preventive cardiology lies in the difficulty of separating 
m. | the risk of the patient before us from the risk of the popu- 
- lation at large, that is, separating those factors that proba- 
|» bly influence individual risk from those more likely to op- 
4  eratei in the mass. 
=- Second, good empirical science is appropriate, logical 
g ad essential to the testing of hypotheses about prevention. 
The potential of prevention must be tested in conjunction 
- with research into mechanisms of atherosclerosis, myocar- 
.. dial infarction and sudden death. This combined effort I 
os believe to be the message needed from leaders, rather than 
. any narrow or partisan view. 
bo And further, I believe most physicians agree that it is 
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— consistent with the best medical practice to recommend 
i is . hygienic approaches to modification of the well established 
` risk factors—before mechanisms are clear or their role 
: .. “proved. " Is it not just a little bit precious of academic 
` physicians to counsel practitioners to wait before interven- 
- ing rationally, to wait for largely unobtainable experimen- 
. tal proof, to wait before advising North Americans to stop 
smoking, reduce weight, reduce fat, sugar, alcohol and total 
. calorie consumption, to get more exercise or to take direct 
* action about their increased blood pressure? 
3 Some of the demons the Drs. Corday hope to exorcise 
take shape ever so slowly: “We are alarmed that some na- 
di i tional health planners have indicated that there is no need 
_ for more research on arteriosclerosis ....” If there are in- 
. deed such persons as national health planners i in our chaot- 


ie ir 


E - ic, undirected society, and if they actually harbor ideas that 
... no more research in atherosclerosis is necessary —then they 


— must be clearly and definitively and immediately and pub- 
licly identified and their arguments dissected. This the au- 
. thors did not do. 

'The Drs. Corday quote selectively from sections of the 
-= 1971 Task Force on Atherosclerosis of the National Heart 
— and Lung Institute by saying, “it cast doubt on many be- 
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liefs now accepted as gospel." This, of course, is their per- 
sonal -and incomplete- interpretation, of a report that pre- 
sents a powerful recommendation for empirical trials and 
public prevention efforts as national policy. 

The Drs. Corday believe that “new fields of study might 
provide a major breakthrough to control the baffling genet- 
ic problem.” Is this an immediate alternative to the neces- 
sary empirical trials, or is it part of the Academic Dream, 
an all-pervading dream of being on the verge of a research 
breakthrough in atherosclerosis—if only basic research 
were better funded? This dream avoids the recognition 
that mass exhibition of diseases such as atherosclerosis and 
coronary disease is almost certainly due predominantly to 
environmental, cultural and social factors and not to errors 
of metabolism. Reduction in the social burden of coronary 
disease requires mass change and not necessarily detailed 
knowledge of mechanisms, as desirable as is such knowl- 
edge to understanding of certain individual patients. 

The Drs. Corday put forward the idea that, because 
there is no formula such as Einstein’s E = mc?, it is “diffi- 
cult to provide rational programs for prevention and treat- 


ment.” Can it really be that the mass of strong, consistent - 


and congruent evidence about single and multiple risk in- 
fluences in ischemic heart disease, and the evidence of their 
causal role and modifiability from all three medical disci- 
plines (clinical, laboratory and population studies) is seri- 
ously thought not to provide a sound rationale for a pre- 
ventive approach? The authors' suggestion that informed 
consent might be necessary for the recommendation of sim- 
ple and safe hygienic preventive measures, because the 
value of such modifications has not been conclusively or ex- 
perimentally proved is, I believe, incomprehensible on the 
face of it. 

Then we have the very provocative central comment: “If 
the Multiple Risk Factor Trials fail to prevent the progress 
of arteriosclerosis, health planners may be reduced to the 
state of scientific bankruptcy." Of course, this is appropri- 
ate speculation and rather easy to say. It would indeed be 
disappointing if none of the several preventive therapeutic 
efforts among those with advanced disease in middle age 
turn out to have significantly positive results. But the idea 
of bankruptcy, or that all other contemporary work and 
thought in this area have come to a stop during, or because 
of, the decade of preventive trials, is clearly not so. This is 
evidenced by the ideas and work of Eliot Corday himself 
and many other active investigators. 

Perhaps the most unfortunate statement is the last: “It 
appears that our nation's overconfidence in present risk 
factor concepts is impeding development of other promis- 
ing preventive approaches." The idea that some researches 
may not have been funded as anticipated—and the blame 
for this laid to current funding for the National Heart and 
Lung Institute preventive trials—should be examined. The 
preventive trials, after years of delay and thoughtful analy- 
sis, have finally been implemented because of the unani- 
mous and forceful recommendations of a broad and re- 
spected Task Force of the National Heart and Lung Insti- 
tute. 

Good empiricism is one of the greatest needs of Ameri- 
can medicine today—to forge the strong link between our 
rich supply of theories about mechanisms and their ratio- 
nal practical application. Good empiric science is as essen- 
tial to the public good as is good explanatory science. 

We should not ignore the fact that still a relatively small 
fraction of cardiovascular research funds is being applied to 
empirical efforts in prevention. Table I shows the propor- 
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TABLE | 
National Heart and Lung Institute (NHLI) Allocations 
L . to Preventive Cardiology (Approximate Figures in 
Millions of Dollars) 





1971 1972 . 1973 1974 





Total NHLI budget 
Cardiovascular 
epidemiology 
grants 2.9 3.2 3.6 4.2 
Cardiovascular 
epidemiology 


194.9 232.7 300.0 302.2 


contracts * 1.0 1.0 1.0 1.0 
Secondary trials 5.0 97 5.2 5.4 
SCOR trials 0.5 1.4 1.7 2.0 
Primary trials 4.7 12.7 17.0 31.5 
Total prevention 14.1 22.0 28.5 44.1 
96 total NHLI 7.2 9.5 9.5 14.6 





* Approximate allocation as 5.7 million dollars was spent in 
1968—74 on contracts in cardiovascular epidemiology. 


tions of the National Heart and Lung Institute budget allo- 
cated for the general field of epidemiology and preventive 
K cardiology during recent years. Before 1971 the level was 
| approximately 3 percent of the National Heart and Lung 
Institute budget. Certainly the current allocation of 15 per- 
cent to prevention and empiric trials and 85 percent to 
other research could not reasonably be considered inappro- 
priate to current priorities. Particularly since the absolute 
budget at the National Heart and Lung Institute devoted 
to other than preventive efforts increased from 180 to 258 
million dollars between 1971 and 1974. 

As might have been predicted, vested interests were 
quick to make use of the Corday editorial, as in the fol- 
lowing paid advertisement of the National Council of Egg 
Nutrition from the April 8, 1975 Chicago Daily News: 
“ “Have Medical Scientists Painted Themselves Into a Cor- 
ner?’ an editorial in the February issue of the respected 
American Journal of Cardiology asks. We Think So. So far 
the Federal Court has refused the FTC’s petition to gag us, 
but the Government, with hundreds of millions of taxpay- 
er’s money already spent to enshrine that sacred cow [di- 

. etary manipulation], continues its efforts to silence us." 

The Drs. Corday ask: “Where are the alternate plans for 
defense against our nation's biggest killer?" Indeed, where 
are they? I don't find them in this editorial. Would we not 
hope to have from distinguished cardiology leaders a mod- 
erated view in which the proper and essential balance 
would be struck between applied and basic research, and in 
which the problems confronting the cardiologist, the pa- 
tient and society might all be evenly and effectively ad- 
dressed? Would it not be even more refreshing to hear Pas- 
teur quoted: “There are not two sciences. There is only 
science and the application of science and these two activi- 
ties are linked as the fruit is to the tree." Sniping weakens 
the effort to reach the common and the highest goal of the 
profession that, according to Sir James MacKenzie, is the 
prevention of heart disease.? 


Henry Blackburn, MD, FACC 
University of Minnesota School of Public Health 
Minneapolis, Minnesota 
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REPLY 


Dr. Whereat notes in commenting upon our editorial that 
contemporary research and clinical interest have been prin- — 


cipally directed to the contents of the lumen of the artery 
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rather than to “the arterial wall, an organ whose biochem- 
istry and physiology has been most inadequately studied." 


And that “our efforts to control atherosclerosis by attempt- 
ed reduction of blood cholesterol levels have not been re- 
warded.” 


Our own position is that we cannot deny the fact that — 


lipids play some role, but that we must question if most — 
atherosclerosis derives from an arterial overload with exog- _ 
enous lipids, or if it is a secondary deposit due to injury, de- 
generation or the natural aging process of the arterial wall. — 
We therefore appreciate Dr. Whereat's reemphasis that 
most atherosclerosis could primarily be a disease of the ar- - 
terial wall. The latter concept would make preventative 
measures a much more difficult problem requiring a new — 


research approach. 


Dr. Blackburn's letter proves the need to try to convert : 


those among us who have dug themselves into a hole, and 


then insist on calling it a tunnel at the end of which thereis _ 


light. But is there light? | 


For instance, Dr. Blackburn sees light in what he consid- 3 


ers a promising preventative approach, and he thinks it un- 
fortunate that we should disparage this approach, which he 
apparently regards as good empirical science. 


We would answer that arteriosclerosis continues to be _ 


the nation's most important health problem, and that these 


preventative measures do not appear to be reducing suffer- _ 
ing or increasing survival.! We must encourage the comple- _ 
tion of the expensive clinical trials to determine if we can- 


control the disease process. But we are concerned that 


Blackburn seems to insist we must continue to place most - 


of our research eggs in one basket. 


We believe that Blackburn wants us to conceal our 


doubts, and we must ask why we should do so. Is it not bet- 


ter to tell our patients, health planners and congressional _ 


leaders that actually the only areas where we have some ev- ‘ 
idence that we might influence arteriosclerosis are through 
correction of hyperlipidemia and in the mass treatment of 


hypertension, but that this at best applies to only a small 


part of the overall problem? Should we not tell them that 


our presently available antilipid measures are not practical 
because they do not lower the cholesterol level enough? 
And will it harm clinical trials if we plead for increased 


basic research into the mechanisms of arteriosclerosis and — 
its treatment? After all, if the trials fail to provide signifi- — 
cant answers 4 years hence, which they might well do, 
shouldn't we be prepared with a plan for a new major re- _ 
search thrust against our nation's most destructive disease — 


process? 


We take issue with the statement, “The recognition that — 


mass exhibition of diseases such as atherosclerosis and cor- 


onary disease is almost certainly due predominantly to en- | 


vironmental, cultural and social factors, not to errors of 
metabolism. Reduction in the social burden of coronary 


disease requires mass change, and not necessarily detailed - 
knowledge of mechanisms.” We believe such dogmatic em- 
pirically based reasoning hinders progress and compounds - 


our failure to come up with basic knowledge that might 


provide more positive preventative measures against an 


overwhelming disease that is now the principal limiting de- 
terrent to our life span and accounts for crippling injury or 
death of millions of humans still in the prime of life. We 
believe that we must continue to test the risk factor hy- 
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| th. the e ‘empiric approach, which, despite being 
pporte y hundreds of millions of dollars, has offered 
| tle. The Rem has become accustomed to expecting the 
conquest of catastrophic illness as exemplified by the con- 
'á E ol of tul erculosis, poliomyelitis and other infectious dis- 
is “eases. Modern history has shown that with proper organi- 
Li. - zation and support scientists could conquer the seemingly 
Fis . impossible —as i in the case of space and nuclear fission, and 
now is it not possible that with proper funding the scientif- 
Branly might also conquer some forms of arterio- 
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de ai (DR reproaches us also with, “Can it really be that 
b. ^ of strong, consistent and congruent evidence 
Wf. bou Bit single and multiple risk influences in ischemic heart 
. is seriously thought not to provide a sound ra- 
; bs. E for a preventive approach?" We dealt with this 
— theme in our editorial, and have to respond that the doc- 
1€ of prudent living has been in vogue for many years, 
| We see so many instances of patients who lived accord- 
dos to all hygienic principles of risk factor intervention and 
v y © di succumbed to arteriosclerosis. Until we obtain more 
NN evide ace that the existing risk factor interventions will con- 
n trol or reverse arteriosclerosis significantly, we cannot con- 
(c clude e that we have a sound, rational preventive on a mass 
popu ulation basis. The failure of antilipid clinical trials?? 
as te ght us we must be truthful with our patients, that 
ur | ‘aise " ly available : jesse measures are empiric 
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n- Black cburn' s arguments, we also find him mistaken or unin- 
7 fe or med about National Heart and Lung Institute funding 
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P List ve UM fi&»allocated to lung and blood disease. 
M . Unfortunately, because of certain distractions Congress did 
( not. provide an increased appropriation to include these 
dere commitments. As a result, at the end of Fiscal year 
ns and the start of 1976 the National Heart and Lung In- 
1 stitute could only fund 7 percent of all cardiovascular 
toce approved by the capable study groups. Blackburn 
s not realize that this constitutes a serious retrogression 
a ; EM n the previous 2 years when more than 55 percent of ap- 
ro ved | projects were funded. The 7 percent figure means 
at new investigator-initiated cardiovascular research, 
| . which provides most of the vital stepping stones for origi- 
1 nal research concepts, will be seriously curved. 
"RR Blackburn does not realize that President Ford's current 

^b dget allows only 165 million dollars for cardiovascular 
; ae research and that previous commitments made before the 
EL jn C lge cut require that 51 million dollars, which is one 
-. third of that entire cardiovascular budget, be appropriated 
Ei ps to. clinical trials. This has resulted in a lopsided dispropor- 
; p^ tion, of research effort. Unfortunately, despite our appeals 
. there i is no concerted effort by the scientific community to 
“nye that new heart research is coming to a halt. One 
of us recently urged the Senate Labor-HEW Subcommittee 
| d Appropriations to continue the ongoing clinical trials, 
|^ but pleaded for an additional 93 million dollars for new 
-fundamental cardiovascular research. 

Dr. Blackburn repeats my question, “Where are the al- 
iernats plans for defense against our n nation's biggest kill- 
| em " and then asks, “Indeed, where a are | they?” Our recom- | 


| through. aeie halle’ Couch S ; 


: Xs accelerated model. 


JA aS ML mM 


“We advocate the need for new investigations which 
focus on the mechanisms which induce disease of the. m 
terial wall itself. These new directions include: = 

*(a) Metabolic Errors of the Vessel Wall: Little is 


pem os 


known about the metabolism of the wall of the blood s ves- ; 
sel. This basic knowledge is urgently needed because it 
could explain the cause and prevention op arterioscleros- 


is. 


Run wc desidia to that Senate Could on ns 18, 1975 
|... Should help : answer his apparent desperation for an alter- 7 : ¢ 

nate plan for defense. We take the liberty of pore ting 
those recommendations, which were couched in lay ter | 


“(b) Endocrinology: Endocrines should’ incriminat- 


ed as a cause of arteriosclerosis because it is obvious that 


women do not develop the clinical manifestations until 


after their menopause. National statistics continue to © 


demonstrate that women survive an average of 7 years 
longer than men. Could it be that the pituitary gonads or 
other endocrine organs play an etiological role? 


“(c) Immunology: Heart transplant surgeons often . 
noted that a youthful donor’s heart after transplantation 
develops premature arteriosclerosis which seems to prog- _ 
ress at a galloping pace to obstruct the coronary arteries. . 
and kill the patient. We should not anticipate for a mo- - 


ment that all cases of arteriosclerosis are due to immuno- 


logic phenomena*? but it does suggest that heart trans- _ 


plantation could offer a rapidly advancing model for the 
study of mechanisms which might be incriminated. 
Lupus erythematosus has also been shown to cause pre- 


mature fatal coronary attacks due to atherosclerosis in | 


afflicted women before they reach 20 years of age. Com- 
prehensive study of the immunologic processes in such 


rapidly advancing models might provide more Hoang : 


ful preventative measures. 


“(d) Familial Coronary Disease: Families have been ^ es 


identified where all the males die before they are 40 


years of age, and yet present preventative measures | 


failed to affect the course of the arteriosclerotic process. 


Study of such an accelerated familial disease state might n 


offer a model that could provide fruitful investigations. 


“(e) Environmental Influences: It is very difficult to- 
obtain sharp endpoints for scientific investigations of — 
such matters as emotional influences and personality as 


a cause of arteriosclerotic disease. Scientists have noted 


that people who were confined to concentration camps, — 
upon their release in subsequent years developed prema- _ 
ture coronary or cerebrovascular disease. Comparative in - 

depth social, psychological and dietary studies of the sur- _ 
vivors with those of their kin who were not imprisoned, : 
could provide meaningful data on which environmental. 


factors influence arteriosclerosis and this could lead to 
possible methods of prevention and treatment. 

"(f) Hypertrophy of the Smooth Muscle: Recent in- 
vestigations have indicated that an overgrowth of the 
smooth muscle lining of the arterial wall leads to acceler- 
ated atherosclerosis. This mechanism requires intensive 
investigation. 

"(g) Thrombosis and Fibrolytic Mechanisms: Our 
knowledge of the role of clotting mechanisms within the 


blood vessel as a cause of arteriosclerosis must be ampli- — 
fied because it appears to play a principal role in the ror: rte 


mation of the aging process.® 


"(h) Renal Dialysis: Young patients who have been : 


treated with renal dialysis appear to develop serious cor- - 
onary disease prematurely. These Dare Quo previo "A 


AG) Diabetes: “Arterioslerotic p process: a jac vá 
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diabetics despite the control of the blood sugar level. 
Possibly Somatostatin, a naturally occurring growth hor- 
mone,” recurrent hypoglycemia, or some unknown fac- 
tors might be incriminated. 

“(j) Genetics: Most agree that genetics play a major 
role in the arteriosclerotic process. Now that genetic en- 
gineering seems possible, major research into the rela- 
tionship of genetics and heart disease is vitally needed.” 
We would hope that Dr. Blackburn would see this not as 

“sniping” and not just as “an all-pervasive dream,” but as a 
simple necessity, and that he would join those of us who, 
like Dr. Whereat, are looking toward new vistas. 
Eliot Corday, MD, FACC 
Stephen R. Corday, MD 
Cedars-Sinai Medical Center 
Los Angeles, California 
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IDENTIFYING PROPRANOLOL USERS 


As physicians and cardiologists we are sensitive to the very 
important hemodynamic effects that are accomplished 
with propranolol. Unfortunately, the patient is not always 
fully aware of the extent to which this drug may mask vari- 
ous physiologic stresses to the cardiovascular system. 
Moreover, as a result of accident or acute illness he may be 
unable to communicate the fact that he is under the influ- 
ence of this drug. I therefore urge all my patients to carry a 
card or some other form of identification indicating that 
they are receiving this drug. I reeommend that other physi- 
cians follow a similar program with their patients. 

Morton A. Goldmann, MD, FACC 

Skokie, Illinois 


MYOCARDIAL LACTATE IN PATIENTS WITH NORMAL 
CORONARY ARTERIES—! 


Boudoulas et al.! in their article on myocardial lactate pro- 
duction in patients with angiographically normal coronary 
arteries have provided useful information on a difficult 
group of patients. However, we suggest that the use of atro- 
pine in some patients in their study, those in whom Wenck- 
ebach conduction developed, might have affected myocar- 
dial lactate production, which could obscure pacing-in- 
duced changes. We have studied two patients who had 
sampling catheters placed in the coronary sinus and left 
ventricle. Samples were taken from both the left ventricle 
and coronary sinus for analysis of lactate, before and after 
the intravenous administration of atropine (0.6 mg). 


Case 1: A 51 year old man with angina at rest and a left 
ventricular aneurysm, had severe three vessel disease dem- 


LETTERS - 


onstrated by coronary angiography. In paired samples at . 
rest the arterial lactate was 8.50 mg/100 ml and coronary — 
sinus lactate 8.65 mg/100 ml, indicating myocardial lactate — 
production (extraction —2 percent). After the administra- _ 


tion of atropine the arterial lactate was 7.05 mg/100 ml and 
the coronary sinus lactate 6.50 mg/100 ml, indicating lac- 
tate extraction (extraction +8 percent). 


Case 2: A 45 year old woman with atypical chest pain 


had a normal electrocardiogram at rest and on effort suffi- | 


cient to produce a heart rate of 160 beats/min. Coronary 


angiography was not performed, but she was not consid- 
ered to have ischemic heart disease. Resting arterial lactate — 
was 5.50 mg/100 ml and coronary sinus lactate 5.20 mg/100 © 


ml, (extraction + 5 percent). After administration of atro- 


pine (0.6 mg), arterial lactate was 5.70 mg/100 ml and coro- © 


nary sinus lactate 4.85 mg/100 ml (extraction + 15 per- 
cent). | 


Although it is difficult to suggest a mechanism for a pos- 
sible effect of atropine in increasing myocardial lactate ex- 
traction in normal and diseased hearts, we believe that this 


possibility exists, and that the common practice of admin- — 


istrating atropine before or during pacing would be better 
replaced by the insertion of a separate pacing catheter into 
the right ventricle if block occurs. 

G. L. Jennings, MRCP 

P. H. Kidner, MRCP 


Department of Cardiology — 


St. Mary's Hospital 
London, England 
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REPLY 


Drs. Jennings and Kidner, on the basis of findings in only . 


two patients, suggest that atropine given intravenously 


may affect myocardial lactate production. However, one © 


cannot be sure that they had stable arterial lactate levels 


throughout their sampling period as we required of our pa- — 
tients. Many of our patients who did not produce lactate — 
received atropine without any noticeable effect on lactate — 


extraction.! In addition, lactate extraction seemingly im- 
proved in their patients, which would be the opposite re- 


sponse to that observed in our patients who produced lac- | 


tate with pacing. Concerning their argument for right ven- 


tricular pacing in order to avoid administering atropine, — 


our experience in the study groups of patients was differ- — 


ent. Right ventricular pacing was performed in four of our 


patients but a decrease in left ventricular pressure, due to 


loss of atrial systole and dysenergy of contraction, made - 
the induction of chest pain more difficult despite the fast 


heart rates. 
Harisios Boudoulas, MD, FACC 
Division of Cardiology 


Ohio State University Hospitals 


Columbus, Ohio 


MYOCARDIAL LACTATE IN PATIENTS WITH NORMAL 
CORONARY ARTERIES—II 


Boudoulas et al.! reported a midsystolic click in three, and 


a mid-systolic murmur in one patient in the group produc- | 
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- ing lactate. These clinical findings suggest the mitral valve 
prolapse syndrome; it would be of interest to know if any of 
the patients studied showed angiographic evidence of pro- 
lapse of the posterior leaflet of the mitral valve. 

LeWinter et al.? recently proposed that the chest pain in 
the mitral valve prolapse syndrome might be related to a 

- discrepancy between myocardial oxygen demand and sup- 

ply within the mitral valve apparatus, particularly the pa- 

. pillary muscles, due to an increase in local myocardial wall 

tension related to billowing of the leaflets. Abnormal myo- 

cardial lactate metabolism has also been described in pa- 

-tients with this syndrome.? Thus it is possible that patients 

with the mitral valve prolapse syndrome or other abnor- 

— malities of the mitral valve apparatus are included in the 

p group producing lactate. 
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Juan M. Aranda, MD 

Benjamin Befeler, MD 

Cardiology Section 

University of Miami School of Medicine 
Miami, Florida 
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our experience in patients with the mitral valve prolapse 
M syndrome is that myocardial lactate production in those 
D. patients with prolapsed mitral valve leaflet is a common 
«à phenomenon during episodes of chest pain.’ Abnormal 
e. myocardial lactate metabolism and left ventricular dys- 
a function in patients with mitral valve prolapse syndrome 
" - has been described by others as well.?-4 However, we found 
rs myocardial lactate production in patients who had no evi- 
-— dence of mid-systolic click or mid-systolic murmur. Pro- 
E lapsed mitral valve leaflet was demonstrated by cineangi- 
ography in only two of our patients studied. 

We conclude that a group of patients with normal coro- 
nary arteries, normal left ventricular function, normal mi- 
tral valve apparatus and myocardial lactate production 
. during episodes of chest pain does indeed exist. 

Harisios Boudoulas, MD, FACC 
Division of Cardiology 
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RHEUMATIC VALVE DISEASE 


I agree with the suggestion of Muñoz et al.! that the condi- 
tion of patients with mitral valve disease tends to grow pro- 
gressively worse. In patients with mitral stenosis or com- 
bined mitral stenosis and insufficiency, functional classifi- 
cation frequently coincides with the degree of organic dis- 
ease. This is not as true in patients with pure mitral insuffi- 
ciency who may have severe regurgitation and yet be 
asymptomatic. More importantly this distinction must be 
made in patients with aortic regurgitation. The lower func- 
tional classifications (I and II) frequently have little to do 
with the severity of the aortic regurgitation; patients with 
severe aortic regurgitation may remain asymptomatic for 
extended periods of time. Therefore it would only be true 
to say that progressive changes in classification occur in pa- 
tients with functional class I who have severe aortic regur- 
gitation. Those patients with minor degrees of aortic regur- 
gitation rarely if ever, have progressive disease in the ab- 
sence of recurrence of rheumatic fever or subacute bacterial 
endocarditis. 

Howard H. Kloth, MD, FACC 

New York University Medical School 

New York, New York 
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REPLY 


Our experience at the University Hospital of Caracas and 
at the Unity for Study and Prevention of Rheumatic Fever 
is coincident with that of Dr. Kloth in that many patients 
with isolated rheumatic mitral or rheumatic aortic regurgi- 
tation have long asymptomatic periods. 

'Those with mild valvular lesions without evidence of im- 
portant volume overload of the left, ventricle at physical ex- 
amination, or on electrocardiographic or on chest x-ray 
study. generally remain well and symptomless almost in- 
definitely, provided they adhere strictly to a prophylactic 
program to prevent recurrence of rheumatic fever. 

Our study included only patients who were symptomatic 
at some time during the period of observation. It clearly 
demonstrated to us that the prognosis of patients with 
rheumatic mitral or aortic valve disease, once they become 
symptomatic is poor in relation to survival for 5 years, car- 
diac functional status and incidence of serious complica- 
tions, and that surgery improves the prognosis. 

Practically all symptomatic patients had clinical, electro- 
cardiographic or radiologic evidence of important cardiac 
compromise. Patients with severe symptomatic isolated 
mitral insufficiency did not differ from those with pure mi- 
tral stenosis or those with mitral stenosis and insufficiency; 
patients with severe symptomatic isolated aortic insuffi- 
ciency did not differ from the whole group with rheumatic 
aortic valve disease in terms of the 5 year survival curve, 
evolution of functional cardiac classification and incidence 
of serious complications. 

Simon Mufioz, MD, FACC 
Universidad Central de Venezuela 
University Hospital of Caracas 
Caracas, Venezuela 
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HEART CONDUCTION SYSTEM 


Electrophysiology and pharmacology of cardiac 
arrhythmias. VIII. Cardiac effects of 
diphenylhydantoin. B. Wit AL, et al. 

Am Heart J 90(3):397-404, Sep 75 (85 ref.) 


HEART DISEASES 


The heart and hyperthyroidism. Use of 
beta-adrenergic blocking drugs. Levey GS. 
Med Clin North Am 59(5):1193-9, Sep 75 (36 ref.) 


HEART VENTRICLE 


Left ventricular function in ischemic heart disease: 
assessment by noninvasive techniques. Naqvi SZ, 
et al. Am Heart J 90(3):312-6, Sep 75 (83 ref.) 


HYPERTENSION 


Aldosterone and renin in essential hypertension. 
Genest J, et al. Can Med Assoc J 113(5):421-31, 
6 Sep 75 (64 ref.) 

Hypertension of chronic renal failure: role of sodium 
and the renal pressor system. del Greco F, et al. 
Kidney Int [Suppl] (2):176-83, Jan 75 (59 ref.) 

Hypertension in pregnancy. Lancet 2(7933):487-9, 
13 Sep 75 (37 ref.) 

Interactions of hyperlipidemia, hypertension and 
obesity as coronary risk factors. Alexander JK. 
Triangle 14(1):1-8, 1975 (40 ref.) 


HYPERTENSION, RENAL 


Renal artery stenosis--then and now. Birchall R, et 
al. South Med J 68(9):1109-15, Sep 75 (16 ref.) 


HYPOTENSION, ORTHOSTATIC 


Orthostatic hypotension: mechanisms and 
management. Ibrahim MM, et al. Am Heart J 
90(4):513-20, Oct 75 (15 ref.) 


ISCHEMIA 


Neurotransmitters and the normal and ischemic 
cerebral circulation. Zervas NT, et al. 
N Engl J Med 293(16):812-6, 16 Oct 75 (53 ref.) 


MITRAL VALVE 


The billowing mitral valve. Lancet 2(7935):593-4, 
27 Sep 75 (12 ref.) 


MYOCARDIAL INFARCT 


Surgical treatment of post infarction ventricular 
aneurysms. Pifarré R, et al. 
J Cardiovasc Surg (Torino) Spec No:721-6, 1975 (39 
ref.) 


MYOCARDIUM, 


The heart in myasthenia gravis. Gibson TC. 
Am Heart J 90(3):389-96, Sep 75 (43 ref.) 
Regulation of coronary blood flow. Rubio R, et al. 
Prog Cardiovasc Dis 18(2):105-22, Sep-Oct 75 (69 
ref.) 
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the September 1971 issue (Am J Cardiol 28: 366-367, 1971). 
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. nel, is concerned primarily with management of symptom- 
= atic patients with clinically stable, chronic heart disease 
- due to coronary atherosclerosis. The authors begin with a 


— historical perspective, and consider physiologic aspects of 
— - exercise and the potential hazard of sedentary living habits 
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: = as a risk factor. They review principles and protocols of 


several contemporary approaches to exercise stress testing 


— and offer practical approaches and guidelines to the use of 
— exercise training as an adjunct to therapy. They delineate 
- hospital and posthospital phases of rehabilitation after 
— myocardial infarction, present their own program and ex- 
_ perience to date and consider differences between individ- 
—— ual and group approaches to exercise therapy, as well as the 
-~ disadvantages and complications of such therapy. 

= Although the authors have broadened the perspective to 
— describe somewhat parallel approaches in European 


countries where there has been a longer experience with 


i _ these aspects of cardiac rehabilitation, they have not given 
_ equal emphasis to an analysis of the diverse approaches to 


rehabilitation that have emerged in the United States. 


—. Nevertheless, the principles and practices cited are well re- 


ferenced, and many relevant aspects are illustrated by pho- 
tographs, figures and tables that admirably enrich the test. 


- The authors present a balanced and sensible description of 
methods, benefits and risks of exercise conditioning with a 
primarily clinical orientation, they understand the impor- 


tance of the psychosocial deterents to effective cardiac re- 


bic capacity seems to have escaped their attention. 
The quality of printing is a credit to the publisher. Alto- 
gether this is an excellent, up to date introduction to and 
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. EXERCISE AND CORONARY HEART DISEASE, edited by informative assessment of a controversial area that war- 
-.. Gerald F. Fletcher, MD and John D. Cantwell, MD. Spring- rants greater consideration to further improve the quality 
^ field, Ill., Charles C Thomas, 1974, 245 pages, $15.00 of care and productive life extension of a large fraction of 
a, ‘This volume, a well organized, clearly presented and middle-aged patients with chronic disease. 

E — quite readable text for physicians and paramedical person- Robert A. Bruce, MD, FACC 


University of Washington, Seattle 
Seattle, Washington 


CARDIAC CATHETERIZATION AND ANGIOGRAPHY, edited 
by William Grossman, MD. Philadelphia, Lea & Febiger, 
1975, 339 pages, $34.50 


This is à magnificent book. Dr. Grossman has brought to- 
gether a superb group of contributors to produce what is 
the best current book on cardiac catheterization. There are 
excellent chapters on the most widely used techniques of 
cardiac catheterization in addition to chapters on the use of 
balloon-tipped flow directed catheters and special tech- 
niques for use in children, excellent chapters on blood flow 
measurement, pressure measurement, resistance calcula- 
tions, and calculations of stenotic valve areas and shunts. 
'The major angiographic techniques including coronary ar- 
teriography are well described. A particularly valuable sec- 
tion includes chapters on dynamic and isometric exercise 
during cardiac catheterization, atrial pacing, the estimation 
of ventricular performance, measurements of ventricular 
volume, and techniques of recording His bundle activity. 
The role of noninvasive techniques in relation to cardiac 
catheterization is nicely described by Craige. A unique, ex- 
tremely valuable section includes profiles of characteristic 
hemodynamic and angiographic abnormalities in specific 
cardiovascular disorders. This section is introduced by a 


-  habilitation and do not emphasize it until the last sentence classic profile by Dexter of selected patients with valvular 

— of the summary. Although they illustrate the usually ob- heart disease. Other profiles include coronary artery dis- 

- served reduction in heart rate and systolic blood pressure ease, pulmonary embolism, cardiomyopathy, pericardial 

. at submaximal levels of exertion in patients with coronary disease and congenital heart disease. All are extremely 

- artery disease who have undergone exercise conditioning, valuable and very well written. Yr: VIA: 

- the physiologic significance of such changes as secondary Overall, this fine book is a very significant contribution 
cardiovascular manifestations of a lowered relative aerobic to cardiology training and practice. It should be accessible 
requirement associated with an increased functional aero- to all practicing cardiologists and should be read by all car- 


diology residents or fellows in training. It is superb. 
Robert C. Schlant, MD, FACC 
Atlanta, Georgia 
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Calenda; of Continuing Medical Edneation Programs 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the pro- 
grams are pertinent to direct care of pa- 
tients with heart disease. The need for such 
programs increases with the ever increasing 
amount of scientific and clinical data, the 
constant changes in technology and meth- 
odology, and the greater availability of thera- 
peutic options. Today most cardiologists, in- 
ternists and family practitioners feel the 
need of supplementing their professional 
reading by direct contact with the authors, 
research workers and leaders in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 





vised programs which are usually brecadod 
by extensive consultations with the program 
directors recruited among the foremost spe- 
cialists, educators and scientists in the field 
of clinical cardiology and allied basic 
science disciplines. 

Although each program director is per- 
sonally responsible for the choice of faculty, 
and the structure of the program, the Na- 
tional Committee of Continuing Education 
assumes the overall responsibility for the 
caliber of the postgraduate education and 
the relevance to the practice of cardiology. 
This is accomplished by the processes of 
meticulous scrutiny of the objectives, analy- 
sis of the educational methods, and studying 
the impact of each course on the knowledge 





and attitudes of the participants. — — E 
These programs should help each phys 
cian to keep up with the new knowledge, to 
put into practice the new advances and to 
retract gracefully from the obsolete and use- - 
less practices. An effective practitioner — 
must learn and relearn, listen to new ideas, - 
share past experiences and observe the 
work of his peers. The National Program - 
Committee for Continuing Medical Education 1 
of the American College of Cardiology be- . 
lieves that these goals can be accomplished ` 
by all members and nonmember profession- 

als participating in our continuing education 
programs. 
Borys Surawicz, MD, FACC, Chairman 
National Program omma 
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Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Continuing Education 
Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


To be Preceptorships 
arranged Arthur Selzer, 
individ- 
ually 


in Cardiology. 
FACC, director. 
Pacific Medical Center, San 
Francisco, Calif. 


Cardiovascular Disease—1976: 
Practical Diagnosis and Man- 
agement. John Ross, Jr., FACC, 
Robert A. O'Rourke, FACC, 
Joel S. Karliner, FACC and Kirk 
L. Peterson, FACC, directors. La 
Costa Resort Hotel and Spa, 
Rancho La Costa, Calif. 


MAR. 
11-13 


MAR. 
22-26 


Electrocardiographic Interpreta- 
tion of Complex Arrhythmias: A 
Physiological Approach. Charles 
Fisch, FACC and Douglas P. 
Zipes, FACC,. directors. Indiana 
University Medical Center, India- 
napolis, Ind. 


MAR. 
26-27 


New Perspectives in Exercise 
Stress Testing. Myrvin H. Ellestad, 
FACC and William H. Allen, FACC, 
directors. Center for Health Edu- 
cation, Memorial Hospital of Long 
Beach, Long Beach, Calif. 


APR. Cardiology for the Consultant: A 
5-14 Clinician's Retreat. E. Grey Di- 
mond, FACC, director and 
Arthur D. Hagan, FACC, Asso- 
ciate Program Director. Rancho 


Sante Fe Inn, Rancho Santa Fe, 
Calif. 


APR. Cardiovascular Disease 1976: 
7-9 Nuclear Medicine Approaches. 
Lawrence S. Cohen, FACC, direc- 


tor and Gerald Freedman, Alexan- 
der Gottschalk and Barry L. Zaret, 
FACC, co-directors. Yale Univer- 
sity School of Medicine, New 
Haven, Conn. 


APR. A Symposium on Cardiovascular 


24-27 Nursing. Henry J. L. Marriott, 
FACC, and Leo  Schamroth, 
FACC, director FACC, Sheraton 
Sand Key Hotel, Clearwater 


Beach, Fla. 


APR. Current Concepts in Cardiology— 


26-29 1976. Philip R. Akre, director and 
Fernando H. Zamudio, FACC, co- 
director. Caesars Palace, Las. 
Vegas, Nev. 

APR. Consultant's Course in Cardiolo- 

26-30 gy. Simon Dack, FACC, director 


and Richard Gorlin, FACC, Mi- 
chael V. Herman, FACC and 
Louis E. Teichholz, FACC, do- 
directors. Mount Sinai Medical 
Center, New York, N.Y. 


APR. Basic Vectorcardiography. Alber- 


28-30 to Benchimol, FACC, director. 
Scottsdale Hilton Hotel, 
Scottsdale, Ariz. 

MAY Arrhythmias: Basic and Clinical 


6-8 Aspects. Arthur Selzer, FACC 
and Keith E. Cohn, FACC, direc- 
tors, Hyatt Hotel on Union Square, 
San Francisco, Calif. 


eins De 


MAY 
10-13 


Frontiers in Cardiology. J. Wilis 
Hurst, FACC, director and Robert- 
C. Schlant, FACC and R. Bruce 
Logue, co-directors. Royal Coach. 
Motor Hotel, Atlanta, Ga. 


MAY 
13-15 


Rational Drug Therapy in Cardio- 
vascular Disease—ll. Robert J. 
Lee, director. The Nassau Inn 
Princeton, N.J. 2». 
vt 
Dilemmas in Clinical Cardiology. 
Edmund H. Sonnenblick, FACC, 
director and Michael Lesch, FACC 
and James Scheuer, FACC, co- 
directors. New York Hilton Hotel, 
New York, N.Y. d 
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MAY 
27-29 


JUNE 
8-11 


Core Curriculum in Echocardi) 
ography: New Developments in- 
Cardiac Ultrasound. Arthur Di 
Hagan, FACC, director, Robert | 
A. O'Rourke, FACC and Joel S4 
Karliner, FACC, co-directors. . 
Town and Country Hotel, San. 3 
Diego, Calif. v. k 
Cardiology for the Internist. Hen- - 
ry D. Mcintosh, FACC and Robert : 
Luchi, FACC, directors, and S. K. t 
Upmanyu, program coordinator. | 
Red Carpet Inn, North Padre 
Island, Texas | 


JUNE 
21-24 


AUG. 
28-30 


Tutorials in the Tetons (Second - 
Annual)—Cardiac Emergencies. 
Robert S. Eliot, FACC, director, - 
and Robert J. Davis, FACC, Alan - 
D. Forker, FACC and Gerald L. - 
Wolf, co-directors. Jackson Lake — 
Lodge, Grand Teton National Park, n 
Moran, Wyo. 
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3 AMERICAN COLLEGE OF CARDIOLOGY EXTENDED LEARNING 


.. NOW YOU CAN PARTICIPATE IN A MONTHLY AUDIOTAPE 
... PROGRAM EXCLUSIVE TO THE FIELD OF CARDIOLOGY 


Es 


Ex 


" Meo . 
<> e 


f This multimedia (tapes, slides, printed booklet) audio tape program includes 60 minutes of clinically 
_ oriented information on the art of diagnosis and treatment of cardiovascular disease to its subscribers 


b. each month. The audio cassette tapes include recorded panel discussions interviews with noted 
js authorities and self-assessment quizzes. In addition, 35 mm slides and a monthly personal continuing 
d education notebook are supplied as a part of this professional service. 

S 

.. Join the more than 4,500 subscribers who are listening each month. ACCEL™ TABLE OF CONTENTS 
eee 
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Voice for ACCEL™ — E. Grey Dimond, M.D. 


Vol. 8, No. 2 February 1976 
Side 1 


Sudden Death 
Jeremiah Stamler, M.D. and James H. Getzen, M.D. 


Recent Views Regarding Arrhythmias 
Rashid A. Massumi, M.D. and James E. Crockett, M.D. 


Side 2 


Recent Views Regarding Arrhythmias 
(Continued from Side 1) 
Questions Regarding Myocardial Infarction 
James S. Forrester, M.D. and Robert W. Oblath, M.D. 


Physician Self-Assessment 
Leonard Sheffer Gettes, M.D. and R. Joe Noble, M.D. 


E. Grey Dimond, M.D., Editor-in-Chief 


Editorial Board 


Tames E. Crockett, M.D. B. L. Martz, M.D. 

James H. Getzen, M.D. R. Joe Noble, M.D. 

Arthur D. Hagan, M.D. Robert W. Oblath, M.D. 

Murray S. Hoffman, M.D. Herbert D. Ruttenberg, M.D. 
Don R. Santschi, M.D. 


® 1976 American College of Cardiology 








r —— Available directly from the AMERICAN COLLEGE OF CARDIOLOGY 

T Please enter my one year (12 issues) subscription to ACCEL™ 

oe | enclose $ for the plan checked below: NU CLE Sse dois y : 

x (Please print) 

5 PLAN A 

fe CASSETTE TAPES WITH Subscription Address 

3 GENERAL ELECTRIC PLAYER/RECORDER No. Street 

| [] ACC member, $120 

i [] Non-member, $130 | 
(U.S. Funds) am State Zip Code 

| PLAN B ( 

: CASSETTE TAPES ONLY EENS 


[] ACC member, $70 
[] Non-member, $80 


sa 32 £65 ser | 


Check made payable to the American College of Cardiology should 
accompany this application and be forwarded to: ACCEL™, American 
College of Cardiology, 9650 Rockville Pike, Bethesda, Maryland 20014. 















x 


WELT NIE Uo ERREUR Un ups nee TY ib Oy c eg M ipaa Ligas REE MC E 
: Ü dur a eat, "T S LUN > 
j- i te gobo jel Pr 1 ds ion lil. s ine YN ^ da (eds a i, Zn 73 yr. jM - rd 
ANM MS, AAA "8, WA 


V 
w 


NYY YA j 
/ WX ; 
A LS Nu NM iN DUM T / 
À J Pg s t p «ula 









p 


2 
f; 


WV. jh a 


MSN 


M 
1 D NT UNE WM k AM 


B ^ tizi NY ye wae f; Ki ‘hit 4 WA Bes: y. 4 om « 
MF PUT XU: LAN LENS T 
etn, v ^, AE LV 1% : Ven NU. 1 ] / | 
' " c " ja d MG P D Ly) tss Y^ 
| ^ Ou pt. JM i 
4 b "Rt XN 





he- “4 e * . M 
vi p 4 17 "= SSE ay 
i mo RO "AL 

Li 

WU 
A? 


j 
j! 


Lj 


BA , 
A M 
Ai BE Y 
LI VEL : MW 

Vie Md 


NU 


NUM Ni hd H 


; . a : | E i435 7^ " MES | Wit iv A^ 
4! ud YI Yi ES UA XA WY, 71 CE ee DA P ELAR a WV t 12 i 
b . A.) 5. - VIS Log va. anda f VY AMA ee j un py i l f UIS dm: A Lu Ü LA 


ign ji", 
ili Ly " SS 
y Msz UD ; 


lii iM YA UM be u "m j 
J wx p 7 n "s t, , A we 
AA ái in i p Pt i H^ i" , A 4 n D " 


fora oy 


m hgt- 


he 
tee 


stl im. 
: ijf 1 't t 7 
CUM 


” COT 


Architect PLUS of HEART HOUSE to be built in | Be acd, Wastes js the FTAA C 2s of cin 


America's heartland is still being built. 


You will know it as Heart House. Soon to rise depend upon your professional progress. As an 
above nine acres of hard work and hope in the incomparable learning laboratory for physicians, 
Bethesda countryside, it will be the national and as the national headquarters of the American 
continuing education center dedicated to the College of Cardiology, Heart House will frontier 
diagnosis, treatment and eventual prevention of the development of all types of educational materials 
cardiovascular disease. and circulate them throughout the world. 


Help build and equip Heart House through 
either a 36-month Pledge or a tax- 
As itis for both those who will follow and those who deductible enclosure now. 


Heart House is for you, Doctor. 


| would like to help build and equip HEART HOUSE. [Please find my gift or pledge enclosed. ^!€ $76 
[ ] Please send me additional information on HEART HOUSE, including memorial and 
honorary gift opportunities. 














Name: 

Address: 

Amount Pledged or Enclosed: Date: 

Pledges payable over three years are welcome. Make checks payable to the American College 
of Cardiology. 


Send your tax-deductible contribution to: 
HEART HOUSE, American College of Cardiology HEART 
9650 Rockville Pike, Bethesda, Maryland 20014. HOUSE 
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-A Cooperative Reader 


; | Circulation 
n VOL. 53 FEBRUARY 1976 NUMBER 2 


RN CONTENTS 


3 | EDITORIAL: 


` 
j g On the Genesis of Heart Sounds: Contributions Made by Echocardiographic Studies. Ernest Craige 
| 
5 


am ORIGINAL ARTICLES: 


Sound Pressure Correlates of the Austin Flint Murmur: An Intracardiac Sound Study. P. Sudhakar Reddy, Edward l. Curtiss, Rosemarie 
Salerni, James D. O'Toole, Franklin W. Griff, Donald F. Leon, and James A. Shaver 


Electrocardiographic Manifestations of Concealed Junctional Ectopic Impulses. Charles Fisch, Douglas P. Zipes, and Paul L. McHenry 


intraoperative Recording of the His Bundle Electrogram in Man: An Assessment of Its Precision. Macdonald Dick, Il, Ehud Krongrad, 
Robert E. Antar, Sam Ross, Frederick O. Bowman, Jr., James R. Malm, and Brian F. Hoffman 


Vectorcardiographic Criteria for the Diagnosis of Anterior Myocardial Infarction. John W. Starr, Galen S. Wagner, Richard M. Draffin, 
John B. Reed, Abe Walston, Il, and Victor S. Behar 


Evaluation of Vectorcardiographic Criteria for the Diagnosis of Myocardial Infarction in the Presence of Left Ventricular Hypertrophy. 
Harry R. Phillips, John W. Starr, Victor S. Behar, Abe Walston, Il, Joseph C. Greenfield, Jr., and Galen S. Wagner 


Statistical Analysis of Pacemaker Follow-up Data: Rate Stability and Reliability. Gary L. Grunkemeier, Jeri L. Dobbs, and Albert Starr 


Permanent Pacemaker Implantation in Infants, Children and Adolescents: Long-term Follow-up. Jaime Benrey, Paul C. Gillette, An- 
toine T. Nasrallah, and Grady L. Hallman 


Alterations in Ventricular Contraction Pattern in the Wolff-Parkinson-White Syndrome: Detection by Echocardiography. Anthony N. 
DeMaria, Zakauddin Vera, Alexander Neumann, and Dean T. Mason 


Cardiac Imaging Using a Phased Array Ultrasound System: |. System Design. Olaf T. von Ramm and Frederick L. Thurstone 


Cardiac Imaging Using a Phased Array Ultrasound System: Il. Clinical Technique and Application. Joseph Kisslo, Olaf T. von Ramm, 
and Frederick L. Thurstone 


.] Echocardiographic Determination of Left Atrial Volumes in Children with Congenital Heart Disease. Steven M. Yabek, Josephine Isa- 
bel-Jones, Dilip R. Bhatt, Makoto Nakazawa, Richard A. Marks, and Jay M. Jarmakani 


Acute Effects of Increase in Pulmonary Vascular Distending Pressures on Pulmonary Blood Volume and Pulmonary Extravascular 
Fluid Volume in Man. Stephen M. Austin, Bernard F. Schreiner, Pravin M. Shah, and Paul N. Yu 


The Acute Hemodynamic Effects of Ethacrynic Acid and Furosemide in Patients with Chronic Postcapillary Pulmonary Hypertension. 
Stephen M. Austin, Bernard F. Schreiner, David H. Kramer, Pravin M. Shah, and Paul N. Yu 


Lung Water and Urea Indicator Dilution Studies in Cardiac Surgery Patients: Comparison of Measurements in Aortocoronary Bypass 
and Mitral Valve Replacent. Kenneth L. Brigham, Scott L. Faulkner, R. Darryl Fisher, and Harvey W. Bender, Jr. 


Relation Between Echocardiographically Determined Left Atrial Size and Atrial Fibrillation. Walter L. Henry, Joel Morganroth, Alan S. 
Pearlman, Chester E. Clark, David R. Redwood, Samuel! B. Itscoitz, and Stephen E. Epstein 


Localization of Aortic Valve Vegetations by Echocardiography. David S. Hirschfeld and Nelson Schiller 


Noninvasive Evaluation of Ventricular Hypertrophy in Professional Athletes. William R. Roeske, Robert A. O'Rourke, Arvin Klein, 
George Leopold, and Joel S. Karliner 


Influence of Acute Changes in Preload, Afterload, Contractile State and Heart Rate on Ejection and Isovolumic Indices of Myocardial 
Contractility in Man. Miguel A. Quinones, William H. Gaasch, and Jemes K. Alexander 


Regional Myocardial Function in the Conscious Dog During Acute Coronary Occlusion and Responses to Morphine, Propranolol, Nitro- 
glycerin, and Lidocaine. Pierre Theroux, John Ross, Jr., Dean Franklin, William S. Kemper, and Shigetake Sasayama 


Suppression of Ouabain-induced Ventricular Rhythms with Aprindine HCI: A Comparison with Other Antiarrhythmic Agents. Peter R. 
Foster, Robert M. King, Ann deB Nicoll, and Douglas P. Zipes : 


Vasodilator Therapy for Chronic Left Ventricular Failure. Rodney B. Kovick, Jan H. Tillisch, Stephen C. Berens, Allan D. Bramowitz, and 
Kenneth I. Shine 


Surgical Repair of Atrial Septal Defect in Patients over 60 Years of Age: Long-term Results. Antoine T. Nasrallah, Robert J. Hall, Efrain 
Garcia, Robert D. Leachman, and Denton A. Colley 


Pulmonary Perfusion Abnormalities and Ventilation-Perfusion Imbalance in Children after Total Repair of Tetralogy of Fallot. Philip O. 
Alderson, Supot Boonvisut, Robert C. McKnight, and Alexis F. Hartman, Jr. 


Combined Para-aminosalicylic Acid and Dietary Therapy in Long-term Control of Hyperchloesterolemia and Hypertriglyceridemia 
(Types Il, and Ih, Hyperlipoproteinemia). Peter T. Kuo, Warren C. Fan, John B. Kostis, and Kiyoshi Hayase 


Risk of New Myocardial Infarction in Middle-aged Men with Manifest Coronary Heart Disease. C. David Jenkins, Stephen J. Zyzanski, 
and Ray H. Rosenman 


Multivariate Prediction of Coronary Heart Disease in the Wester Collaborative Group Study Compared to the Findings of the Framing- 
ham Study, Richard J. Brand, Ray H. Rosenman, Robert I. Sholtz, and Meyer Friedman 


CLINICOPATHOLOGIC CORRELATIONS: 


DeSubitaneis Mortibus. XVI. Intractable Tachycardia in Infancy. Claude Brechenmacher, Phillipe Coumel, and Thomas N. James 


CASE REPORTS: 


Echocardiographic Diagnosis of Ruptured Aneurysm of Sinus of Valsalva: Report of Two Cases. Masayucki Matsumoto, Hirohide Mat- 
suo, Shintaro Beppu, Yukio Yoshioka, Yasunaru Kawashima, Yasuharu Nimura, and Hiroshi Abe 


Right Ventricular Growth in a Case of Pulmonic Stenosis with Intact Ventricular Septum and Hypoplastic Right Ventricle. P. Syama- 
sundar Rao, Jerome Liebman, and Gordon Borkat 
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Collins Compact Treadmill- 


"big" treadmill versatility 
at a compact price! 


Choice of speed range—0.5 to € 
4.5 mph or 0.8 to 8.0 mph 
Electric lift for full 2596 elevation 
Aluminum unitized construction 
Heavy duty 2hp motor 
Low profile for easy access 
Heavy duty handrails 
16" x 44" useable walking 
belt area 
"All Electric" controls 
Optional handrail function 
controls 
Optional Programmer available 
Optional Breathing Valve 
Support Arm 


ollins Compact Contenders.... 


Collins Execu-Tread- 


a rugged “little” Treadmill 
for the office or clinic! 


è Variable speed range—0.5 to 5.0 
moh 

e Optional electric lift to 20% 
elevation 

e Steel frame and aluminum motor 
housing 

e thp D.C. motor 

e Low profile for easy access 

e Handrails for easy mounting 

e 14"x 41" useable walking belt 
area | 

e “All Electric" controls 

e Optional full length handrails 
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WAX: WHAT IT DID 

FOR THE 
HONEYCOMB 

ITNOW DOES FOR 
POTASSIUM CHLORIDE. 


WARREN-TEED ANNOUNCES 


(potassium chloride) 


— Potassium chloride imbedded in a wax matrix 

to provide controlled release, thus minimizing possible 
high local concentration of potassium ion near the 
bowel wall. The newest idea in pofassiuM 

chloride supplements is as old as the beehive. 

Wax... provides an effective vehicle to imbed KCI 





(potassium chloride) 


prolong the release of KCI to minimize 
the likelihood of producing high localized 
concentrations of potassium within the CR tract... 


New Kaon-CL Tabs" W | 
^ 


m protect your patient from the risk of hypoka- 
lemia or digitalis intoxication due to potassium 
depletion that diet alone cannot correc.. 


m promote adherence to medication schedule 
by relieving the patient of the inconvenience 
of liquids... 


Three-way convenience 


~ 


| 
| 


for your patients on KCl Supplements... 


m because there's no palatability problem 
m because there's no dilution problem 


m because tablets are physically easier to 
carry—and to take—than liquids... 
an especially welcome advantage 
away from home—encouraging adherence 


EM 
q 


AC | 
ys The controlled release 
KCI Tablet that protects your 
patients on diuretics or digitalis 


m against hypokalemia due to potassium depletion 
that cannot be adequately replaced by diet alone 


m against the inconvenience of — and often 
confusion over— dilution of liquid supplements 


m from taste-fatigue associated with liquids 


Dosage: Prophylactic: 20 mEq. daily (1 tab T.I.D.) 
Therapeutic: 40-100 mEa. daily 
See following page for brief summary. 


WARREN-TEED 
PHARMACEUTICALS INCORPORATED 2 
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KAON-CL TABS™ 
(Potassium Chloride) 


CONTROLLED RELEASE TABLETS 


Description: Kaon-CL Tabs is a sugar coated (not enteric-coated) 
tablet containing 500 mg. potassium chloride (equivalent to 6.67 
mEq. potassium chloride) in a wax matrix. This formulation is in- 
tended to provide a controlled release of potassium from the matrix 
to minimize the likelihood of producing high localized concentra- 
tions of potassium within the gastrointestinal tract. 

Indications: Kaon-CL Tabs is indicated for the treatment of potas- 
sium depletion in patients with hypokalemia and metabolic alkalo- 
sis, and for the treatment of digitalis intoxication. During therapy 
serum potassium levels should be monitored and the dosage ti- 
trated to achieve the desired clinical and laboratory effects. 
Kaon-CL Tabs is also indicated for the prevention of potassium de- 
pletion when the dietary intake of potassium is inadequate for this 
purpose. The prophylactic administration of potassium ion may be 
indicated in patients receiving digitalis and diuretics for the treat- 
ment of congestive heart failure, hepatic cirrhosis with ascites, 
patients with hypertension on long-term diuretic therapy, hyperal- 
dosteronism states with normal renal function, the nephrotic syn- 
drome, and certain diarrheal states. 

Contraindications: Potassium supplements are contraindicated in 
patients with hyperkalemia since a further increase in serum potas- 
sium concentration in such patients can produce cardiac arrest. 
Prpereiemin may complicate any of the following conditions: 
Chronic renal failure, systemic acidosis such as diabetic acidosis, 
acute dehydration, extensive tissue breakdown as in severe burns, 
adrenal insufficiency, or the administration of a potassium-sparing 
diuretic (e.g., spironolactone, triamterene). 

Wax-matrix potassium chloride preparations have produced 

esophageal ulceration in certain cardiac patients with esophageal 
compression due to enlarged left atrium. Potassium supplementa- 
tion, when indicated in such patients, should be with a liquid 
preparation. 
Warnings: In patients with impaired mechanisms for excreting po- 
tassium, the administration of potassium salts can produce hyper- 
kalemia and cardiac arrest. This occurs most commonly in patients 
given potassium by the intravenous route but may also occur in 
patients given potassium orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic. The use of potassium salts 
in patients with chronic renal disease, or any other condition which 
impairs potassium excretion, requires particularly careful monitoring 
of the serum potassium concentration and appropriate dosage 
adjustment. 

Hypokalemia should not be treated by the concomitant adminis- 
tration of potassium salts and a potassium-sparing diuretic (e.g., 
spironolactone or triamterene) since the simultaneous administra- 
tion of these agents can produce severe hyperkalemia. 

Potassium chloride tablets have produced stenotic and/or ulcera- 
tive lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the 
region of a rapidly dissolving tablet, which injures the bowel wall 
and thereby produces obstruction, hemorrhage, or perforation. 
Kaon-CL Tabs (potassium chloride) is a wax-matrix tablet formu- 
lated to provide & controlled rate of release of potassium chloride 
and thus to minimize the possibility of a high local concentration of 
potassium ion near the bowel wall. While the reported frequency of 
smal! bowel lesions is much less with wax-matrix tablets (less than 
one per 100,000 patient-years) than with enteric coated potassium 
chloride tablets (40-50 per 100,000 patient-years), a few cases asso- 
ciated with wax-matrix tablets have been reported. These data are 
from foreign marketing experience. Kaon-CL Tabs should be discon- 
tinued immediately and the possibility of bowel obstruction or per- 
foration considered if severe vomiting, abdominal pain, distention, 
or gastrointestinal bleeding occurs. 

Hypokalemia in patients with metabolic acidosis should be treated 

with an alkalinizing potassium salt such as potassium bicarbonate, 
potassium citrate, potassium acetate, or potassium gluconate. 
Precautions: The diagnosis of potassium depletion is ordinarily 
made by demonstrating hypokalemia in a patient with a clinical 
history suggesting some cause for potassium depletion. In inter- 
preting the serum potassium level, the physician should bear in 
mind that acute alkalosis per se can produce hypokalemia, in the 
absence of a deficit in total body potassium, while acute acidosis 
per se can increase the serum potassium concentration into the 
normal range even in the presence of a reduced total body potas- 
sium. The treatment of potassium depletion, particularly in the 
presence of cardiac disease, renal disease, or acidosis, requires 
careful attention to acid-base balance and appropriate monitoring 
of serum electrolytes, the electrocardiogram, and the clinical sta- 
tus of the patient. 
Adverse Reactions: The most common adverse reactions to oral 
potassium salts are nausea, vomiting, abdominal discomfort and 
diarrhea. These symptoms are due to irritation of the gastrointesti- 
nal tract and are best managed by diluting the preparation further, 
taking the dose with meals, or reducing the dose. 

The most severe adverse effects are hyperkalemia (see Contrain- 
dications, Warnings and Overdosage) and gastrointestinal obstruc- 
tion, bleeding or perforation (see Warnings). 

Overdosage: The administration of oral potassium salts to persons 
with normal excretory mechanisms for potassium rarely causes seri- 
ous hyperkalemia. However, if excretory mechanisms are impaired 
or if potassium is administered too rapidly intravenously, poten- 
tially fatal hyperkalemia can result (see Contraindications and 
Warnings). It is important to recognize that hyperkalemia is usually 
asymptomatic and may be manifested only by an increased serum 
potassium concentration and characteristic electrocardiographic 
changes (peaking of T-waves, loss of P-wave, depression of S-T 
segment, and prolongation of the QT interval). Late manifestations 
include muscle-paralysis and cardiovascular collapse from cardiac 
arrest. 

Dosage and Administration: Dosage must be adjusted to the indi- 
vidual needs of each patient but is typically in the range of 20 mEq. 
per day for the prevention of hypokalemia to 40-100 mEq. per day or 
more for the treatment of potassium depletion. 

One Kaon-CL Tabs three times daily provides 20 mEq. of potas- 
sium chloride. Two Kaon-CL Tabs three times daily provides 40 
mEq. of potassium chloride. 
Caution: Federal law prohibits dispensing without prescription. 
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THE 
PRACTITIONERS” 
DERMATOLOGY 


By Richard L. Sutton, Jr., M.D. and 
Morris Waisman, M.D. 


THE PRACTITIONERS’ DERMATOLOGY is 
written especially for the busy practitioner. 
“Practical medicine, while it differs from academic 
and investigative, is eminently worthy” (Preface, 
The Practitioners’ Dermatology)—this orientation 
pervades every discussion of structure, function, 
etiology and treatment in the book. 








HERE'S WHAT REVIEWERS 

ARE SAYING: 

"A notable contribution to dermatology" 

"The first text in years thatuses simple words and no 
circumlocutions and gives straightforward opinions 
and advice" 

"Ideal for practitioners" 

"Wil! be well received by not only practitioners and 
medical students but by dermatologists as well" 


Drs. Sutton and Waisman have divided the text 
into 22 chapters; the first 6 present clear, 
understandable discussions of the structure, 
physiology, etiology, diagnosis and treatment of 
the skin and its general dis- 
eases; the last 16 chapters 
present the specific der- 
matoses, abnormalities and 
diseases organized by 
causative factors. Over 600 
illustrations and an excellent 
index round out this com- 
prehensive book. 
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YORKE MEDICAL BOOKS, 
666 Fifth Avenue, N.Y., N.Y. 10019 


AJC-3/76 


Please send me . copies of THE PRACTITION- 
ERS' DERMATOLOGY. The price is $30.00. 


[] Payment enclosed (Publisher absorbs handling 
charge)* 


[] Bill me. Add $1.00 for handling charge.* 


Name 





Address 
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*Foreigr orders: Add $2.00 for surface shipment; $4.00 for air 
shipment. In New York State add appropriate sales tax. 
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UNCOMPLICATED. 


DATASCOPE 
TYPE P2 


PRESSURE MODULE 
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DANGER--POSSIBLE EXPLOSION HAZARD IF USED 


N THE PRESEN OF FLAMMABLE ANESTHETICS 


The Swan-Ganz* Catheter 
simplified monitoring. It took 
you out of the cath lab and into 
ICU/CCU. 

The Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we've simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 
unique movable reference trace. 
It makes reading the pressure 
changes much easier, much 


s | 


TYPE L PHYSIOLOGICAL ALARM 


x 


ATASCOP 


qo 


FHYSIOLOGICAL RECORDER 


DANGER—POSSIBLE EXPLOSION HAZARD IF USED IN, — — 
THE PRESENCE OF FLAMMABLE ANESTHETICS ue 


faster, much more accurate. 

And once the catheter has 
been passed, we ve simplified 
the job of monitoring. In fact, 
we vetakenit to the point where 
the nursing staff can handle it 
without any assistance. 

If you've gotten used to big, 
bulkv monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 

Its extremely light, and com- 
pact. It easily fits at bedside. 

And it's portable. You can 
move it where vou need it, 





when you need it. 

So you don't have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
it, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONITOR GROUP 


Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 
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..by those who 
now it best! 


ith contributions from these leading authorities: 


J. C. Allen 

E. A. Amsterdam 
D. S. Berman 

H. G. Bogren 

R. Capone 

H. N. Coleman, Ill 
G. Cooper, IV 

J. W. Covell 

M. H. Crawford 
A. N. DeMaria 

G. L. DeNardo 


C. Fenner 

B. J. Feild 

M. A. Goidstein 
J. F. Gunning 
C. E. Harrison 
J. L. Hughes 
E. J. Hurley 
T. Kamiyama 
A. M. Katz 

G. Lee 

J. Longhurst 


A. J. Lurie 

J. A. Mantle 

. T. Mason 

A. Massumi 
. R. Miller 

. E. Moraski 
G. Nair 

L. Neumann 
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M. Rosen 
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. F. Salel 
. Schwartz 
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K. Smith 
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. Segel 
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J. F. Spann, Jr. 
H. M. Spotnitz 
M. J. Tonkon 

T. Umali 

Z. Vera 

L. A. Vismara 

J. Wikman-Coffelt 
D. O. Williams 

J. F. Williams, Jr. 
L. E. Wyborny 

R. F. Zelis 





A “must” reference source for physicians concerned with 


cardiovascular disease 


Mason's Congestive Heart Failure is a com- 
prehensive volume covering current knowl- 
edge and understanding of one of man's 
most prevalent disorders. There are contri- 


Organized for fast, easy use 


For fast, convenient referral, Mason's Con- 
gestive Heart Failure is divided into three 
major, illustrated sections: (1) Mechanisms 
(2) Evaluation (3) Treatment. Chapter sub- 
jects include such topics as: Alterations of 
cardiac neurotransmitter activity and pe- 
ripheral circulatory control mechanisms in 


butions from 57 distinguished investiga! 
and clinicians in cardiovascular medic 
This classic text, comprised of 23 mi 
chapters, belongs on your reference st 


congestive heart failure—Catheterizal 
assessment and echographic evaluatioi 
cardiac function—New developments ; 
therapeutic applications of cardiac stil 
lating agents and the use of cardiac unlo 
ing therapy in refractory cases of conges 
heart failure. 


| Dean T. Mason is one of the most respected clinicians in 


cardiovascular medicine 


He is Professor of Medicine, Professor of 
Physiology, and Chief of the Section of 
Cardiovascular Medicine of the School of 
Medicine at the University of California, 
Davis. Doctor Mason is the author of over 
350 original articles in the areas of clinical 
cardiology and cardiovascular research. 
President of the Western Society for Clini- 


cal Research and Vice President-Presid 
Elect of the American College of Ca 
ology, Doctor Mason is also a member of 
Cardiovascular Subspecialty Board of 
American Board of Internal Medicine : 
serves on the editorial boards of a num 
of leading medical journals, including 7 
American Journal of Cardiology. 


W Publication due early 1976/ Approximately 500 double-column pages with 250 illustrations. 





Yorke Medical Books 


666 FIFTH AVENUE, NEW YORK, NEW YORK 10019 


Please send me 
Price: $35.00. 


|] Save More: Payment enclosed 
(Publisher absorbs handling 
and shipping charges). 


NAME 






AJC3/76 


copies of Dean Mason's Congestive Heart Failure. 


E] Bill Me: Add $1.00 
for handling 
and shipping charges 





ADDRESS 





CITY STATE 


ZIP 





*Note: Foreign Orders: Add $2.00 for surface shipment; $4.00 for air shipment. 
In New York State add appropriate sales tax. 





cAnother “Yorke “Medical “Book 


... from the publishers of The American Journal of Medicine, 
The American Journal of Cardiology, The American Journal of Surgery and Cutis. 








d Important updated 
dosage information: 


LANOXIN (digoxin) 


- |The recommended dosage 
has now been reduced. 


Lanoxin is the original digoxin ... the 
result of a research breakthrough by 
Burroughs Wellcome Co. over 40 years 
ago. It has been setting the standards 
ever since. 

Through the years, Lanoxin has 
been distinguished by a reputation for 
consistent effect. This is clinically signifi- 
cant because digoxin preparations 
which have the same digoxin content 
have differed greatly in bioavailability’ 
and consequent pharmacological effect. 


As a result of recent pharmacokinetic 
studies, often supported by Burroughs 
Wellcome Co., new lower dosage 
recommendations have been adopted. 
They are summarized in our revised 
prescribing information which appears 
on the following page. We urge you to 
read this important updated information. 


1. Preibisz JJ, Butler VP, Lindenbaum J: Digoxin tablet 
bioavailability: single-dose and steady-state assessment. Ann 
Intern Med 81: 469, 1974. 


LANOXIN® TABLETS 
0.125 mg (yellow) 
0.25 mg, scored (white) 
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Important updated prescribing information 
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LANOXIN (digoxin) Tablets 


OUR LABELING HAS CHANGED, BUT NOT THE PRODUCT 
Recent pharmacokinetic studies of digoxin using radioimmunoassay 
suggest that serum levels within the therapeutic range 

(1 to 2 ng/ml) can be achieved with doses lower than those previously 
recommended. 

As the discoverer of digoxin and the leading manufacturer of this 


product, B.W. Co.® has accordingly modified the dosage recom- 
mendation for Lanoxin brand Digoxin, and has expanded the infor- 
mation concerning precautions, adverse reactions, warnings, and 
contraindications. Please note: the product has not changed. Below 
you will find brief prescribing information. You may obtain 

complete prescribing literature from your Burroughs Wellcome 
Representative or by writing to Department PML. 





Brief Summary of Prescribing Information: Lanoxin® (digoxin) 
Contraindications: The presence of toxic effects induced by any 
digitalis preparation is a contraindication to all of the cardiac 
glycosides. 

Allergy, though rare, does occur. It may not extend to all preparations 
and another may be tried. 

Ventricular fibrillation is generally a contraindication. 

Warnings: Dosage must be carefully titrated. Monitoring of ECG and 
serum digoxin levels may be necessary to avoid intoxication. 

Many arrhythmias for which erp eh is advised are identical with those 
reflecting digitalis intoxication. If the possibility of digitalis intoxication 
cannot be excluded, cardiac glycosides should be temporarily 
withheld if permitted by the clinical situation. 

Patients with congestive heart failure may complain of nausea and 
vomiting which may also be indications of digitalis intoxication. 
Clinical determination of the cause of these symptoms must be 
attempted before further drug administration. 

Patients with renal insufficiency are apt to be unusually sensitive to 
digoxin. 

The use of digitalis glycosides in the treatment of obesity is 
dangerous. 

Precautions: Atrial arrnythmias associated with hypermetabolic and 
febrile states are particularly resistant to digitalis treatment. Care must 
be taken to avoid digitalis toxicity if digoxin is used to help control the 
arrhythmia. 

Potassium depletion sensitizes the myocardium to digitalis and toxic- 
ity is apt to develop even with usual dosage. Potassium wastage may 
result from diuretics, corticosteroids, hemodialysis, malnutrition, 

old age, and long-standing congestive heart failure. 

Acute myocardial infarction, severe pulmonary disease, or far ad- 
vanced heart failure often are accompanied by a greater sensitivity to 
digitalis and its disturbances of rhythm. 

Calcium may produce serious arrhythmias in digitalized patients. 
With myxedema, digitalis requirements are less. 

Incomplete AV block, especially in patients subject to Stokes-Adams 
attacks, may develop to advanced or complete heart block when 
cardiac glycosides are given. 

Chronic constrictive pericarditis is apt to respond unfavorably to 
digitalis. 

Idiopathic hypertrophic subaortic stenosis must be managed with 
great care. 

Renal insufficiency delays the excretion of digitalis, and dosage must 
be adjusted accordingly in patients with renal disease. 

Electrical conversion of arrhythmias may require adjustment of 
digitalis dosage. 

Congestive failure accompanying acute glomerulonephritis requires 
extreme care in digitalization. 

Rheumatic carditis, especially when severe, causes sensitivity to 
digitalis. If heart failure develops, digitalization may be tried with 
caution. 

A digitalis preparation must be used with caution in cases of ven- 
tricular tachycardia, in which case it is indicated only if congestive 
heart failure is a contributing factor. 

If the patient has been given digoxin during the previous week, or 
any other less rapidly excreted drug of the digitalis group during the 
previous two weeks, the dose of Lanoxin brand Digoxin must be 
reduced accordingly. Because of impaired renal function and 
excretion in elderly patients, they frequently require lower than 
recommended doses. 


Dosage of digoxin must be carefully titrated and differences in the 
bioavailability of parenteral preparations, elixirs and tablets taken into 
account when changing patients from one preparation to another. 
Adverse Reactions: 

Allergic reactions. 

Gynecomastia. 

Overdose or toxic effects in children. ! 
The toxic signs differ from the adult in a number of respects. Vomit- 

ing and diarrhea, neurologic, and ophthalmological disturbances are 
rare as initial signs. Cardiac arrhythmias are the more reliable and 
frequent signs of toxicity. " 
Premonitory signs of toxicity in the newborn are undue slowing of the 
sinus rate, sinoatrial arrest, and prolongation of the PR interval. 
Overdose or toxic effects in adults. 

Anorexia, nausea, vomiting, and diarrhea are the most common early - 
symptoms of overdose in the adult. Uncontrolled heart failure may 

also produce such symptoms. 

Headache, weakness, apathy, and visual disturbances (blurred 

vision, yellow vision) can be signs of digitalis toxicity in adults. 
Ventricular premature ectopic activity is the most common 

arrhythmia, except in infants and young children where nodal and 

atrial arrhythmias are more common. 

Excessive slowing of the pulse is a clinical sign of digitalis overdose. 
Atrioventricular block of increasing degree may proceed to complete - 
heart block. 

NOTE: The ECG is fundamental in determining the presence and 
nature of these toxic disturbances. Mom may also induce other  . 
changes (as of the ST segment), but these provide no measure of the © 
degree of digitalization. 

Treatment of Toxic Effects Produced by Overdose: Digitalis is 
discontinued until after all signs of toxicity are abolished. 

Potassium chloride may be given in divided doses totaling 4 to 6 g for — 
adults (in children, 1 to 1.5 mEq per kg), provided renal function is 
adequate. ECG monitoring is indicated to avoid potassium toxicity, 
e.g., peaking of T waves. 

Cautlon: Potassium should not be used and may be dangerous in 
severe or complete heart block due to digitalis and not related to any 
tachycardia. 

Other agents which have been used in treatment of digitalis 
intoxication include lidocaine, quinidine, procainamide, and 
beta-adrenergic blocking agents. 


Dosage and Administration: 
Recommended doses are pra 
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; Quinton Stress Test 
‘Systems are tailored # 
- to the needs of all — 

your patients. : 
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When you invest in a Quinton Stress Test System, you're getting a system 
designed for the needs of the practicina clinical physician with a variety of 
patients. Whether your patient requires a resting ECG or a complete stress te: 
a Quinton System has all the features you need to get the right information. 

Our systems are ruggedly durable and moderately priced. They 
deliver all the information you need to make a complete evaluation. 

For complete details on all Quinton controlled exercise devices and 
ECG monitoring systems, talk to the specialists who helped pioneer stress testir 
equipment. Talk to Quinton Instruments, Dept. E-65, 2121 Terry Ave., Seattle, 
Washington 98121. Phone 206/223-7373. QUINTON 


Multi-lead exercise ECG x: Sip lac aera 
system includes 2-channel isplays S-T depression, 
scope, recorder, and S-T slope and heartrate. 









heart rate meter. X 


Automatic 
programmer 
controls the 
treadmill while 
you concentrate 
on the patient. 
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Treadmill control 
panel indicates . 
speed and arade 
and provides manual 
control. 


400 watt-second D.C. 
Defibrillator. 





Seven models of clinical 
treadmills permit selection 
of the correct machine to 
match your requirements. 
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Cardiologists and Internists 
know the pattern of post-MI “good 
intentions" all too well. When a car- 
diac patient starts feeling better, all 
the years of good living and bad 
habits creep back into his lifestyle. 
And his chance for an active, healthy 
future shrinks: as his waistline 
expands. 

Its a problem of conditioning 
and your good counsel alone may not 
be enough to break the habits of a 
lifetime. 

But a Cardiac Treatment 
Center? can. 

A CT Center is a profes- 
sionally staffed, fully equipped unit 
which develops the new, healthy 
habits you prescribe for your patient 
and conditions your patient so those 

` new habits become a permanent part 
of his daily routine. 

Cardiac Treatment Centers? 
directed by physicians, improve the 
quality of life for heart attack victims 
and post surgical patients through 
physician-prescribed exercise therapy 
monitored by advanced telemetry 
systems and supervised by Nurse- 
Therapists. 

A typical CT Center staff 
consists of one or more Nurse- 
Therapists and a secretary. The CT 
Center is supervised by a local 
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Thermodilution! 


"CARDIOMAX" 
CARDIAC OUTPUT COMPUTER-RECORDER-MONITOR 


tARDBIOM1AX 





*COMPLETE DYE DILUTION AND THERMODILUTION SYSTEMS 

*PROTECTION AND ALARM AGAINST OPERATOR ERROR 

*ELECTRICAL PATIENT ISOLATION BY "OPTICAL LINK" 

*MONITORS BLOOD PRESSURE. INDICATOR TEMPERATURE 
AND PATIENT TEMPERATURE 

*AUTOMATIC ZERO BALANCING!!! 

*WORKS WITH ANY THERMISTOR CATHETER (SMALL VOLUME 
ROOM TEMPERATURE INDICATOR INJECTION). 

*COMPUTING ACCURACY: 1.0% 


Thermodilution Cardiac Output Computer 
S aci mima 00" 
























ore Cena USES ROOM TEMPERATURE SMALL VOLUME 

*COMPLETE ELECTRICAL SAFETY FOR THE PATIENT. 
*BATTERY OPERATED, RECHARGEABLE, LONG-LASTING BAT- 
TERY: LASTS FOR 100 CARDIAC OUTPUT MEASUREMENTS. 

*UNIVERSAL, WILL WORK WITH ANY ELECTUM CATHETER! 

*SIMPLE MEASURING PROCEDURE. DIRECT ENTRY OF COM- 
PUTING PARAMETERS: VOLUME OF INDICATOR, BLOOD TEM- 
PERATURE, INDICATOR TEMPERATURE, IN PHYSICAL UNITS 
ON LARGE NUMERICAL DIALS. 

*DIRECT READ-OUT OF CARDIAC OUTPUT IN LITERS/MIN. IN 
NUMERICAL FORM. ONE RANGE COVERS 1 LIT/MIN. TO 20 
LIT/MIN. (CAN BE MODIFIED TO HIGHER OR LOWER VALUES BY 
CHANGING CALIBRATION PROCEDURE). 

*RECORDER OUTPUT; RECORDER AVAILABLE AS AN OPTION. 

*SMALL SIZE: HT: 7%" (190mm) WTH: 11%” (290mm) DTH: 13' 
330mm). 

XTRAPOLATES DILUTION CURVE AVOIDING ERRORS DUE TC 

BASE LINE DRIFT AND INDICATOR RECIRCULATION. 

PRICE: $2,700,00 
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Phone: (el 4) 488-6176 950 N. Hague Avenue 
Columbus, Ohio 43204, U 


Medical Book Quiz 





Match the subjects 
with the authors and editors 


Practical Dermatology 
Congestive Heart Failure 
Hypertension 

Drug Referencing 


Arthur Lewis 
Morris Waisman 
Dean Mason 
John Laragh 








Richard Sutton 


Here are Yorke's answers to your office library needs 


Congestive Heart Failure: 


Mechanisms, Evaluation and Treatment 
Edited by Dean T. Mason, M.D. Approximately 500 double- 
column pages, including 250 illustrations. This integrated and 
comprehensive text provides thorough and up-to-date coverage 
of the subject by many of the world's foremost authorities on 
congestive heart failure. $35.00 


Hypertension Manual: 

Mechanisms, Methods and Management 
Edited by John H. Laragh, M.D., Director, Cardiovascular 
Center, New York Hospital. 970 pages, 150 illustrations. This 
book, published February 1974, has already become a classic 
reference work on hypertension. $37.00 
Also available: Selections in paperback: Hypertension-Mecha- 
nisms. 488 pages, 127 illustrations. $12.50 
Hypertension-Methods. 120 pages, 17 illustrations. $ 7.50 
Hypertension-Renin System, Drug Therapy & Diet. 100 pages, 
12 illustrations. » 7.50 


Order now on a 30 day free trial basis. 


Please send me 


| O HYPERTENSION MANUAL $37.00 
HYPERTENSION PAPERBACKS 
| © Hypertension-Mechanisms $12.50 
O Hypertension-Methods $ 7.50 
| O Hypertension-Renin Systems, $ 7.50 
Drug Therapy & Diet 
| © All Three Editions $25.00 
O THE PRACTITIONERS’ 
| DERMATOLOGY $30.00 
[] MODERN DRUG ENCYCLOPEDIA-13 (Domestic) $33.00 
(Foreign) $40.00 
| O CONGESTIVE HEART FAILURE $35.00 
i] 


The Practitioners’ Dermatology 


By Richard L. Sutton, Jr., M.D., and Morris Waisman, M.D. 53¢ 
pages with over 600 illustrations. Written uniquely with the busy 
internist, general practitioner and dermatologist in mind, thi: 
book is organized for one-stop dermatologic referencing witl 
emphasis on procedures that work. $30.0C 


Modern Drug Encyclopedia 


A valuable independent drug information service for today’s re 
ferencing needs, the Encyclopedia is organized generically witl 
three comprehensive indexes. Over 3,000 ethical drugs are de 
scribed. Purchase includes a free two-year updating service 
Modern Drugs. $33.06 


For years the Yorke Medical Publishing Group has been serving 
the Medical Profession with four outstanding journals—Thi 
American Journals of Medicine, Cardiology and Surgery, an 
Cutis. In 1974 Yorke expanded its publishing services to includ: 
Medical Books—informative, timely and incisive medical books 


Yorke Medical Books/666 Fifth Avenue, New York, New York 10019 


[] | enclose payment (publisher will absorb handling charge). 


(1 Bill me and add $1.00 for handling. 
O Foreign Orders: Pre-payment required. 


(Note: Add $2.00 for surface shipment; $4.00 for air ship- 


ment). 


Name  . 








Address 





City - _ State ; Zip 








Signature . " died - " - 











*In New York State add appropriate sales tax. 
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our why’s to improv 
one way...with Philip 


1 2 


The patient remains stationary You can scan freely in any 
during catheterization. patient plane...with one hand. 


Why? Because the Cardio Why? Superb engineering. With 
Diagnost's U-arm rotates the one hand and virtually no effort, 
X-ray beam around the patient you can elevate, lower or rotate 
And the entire U-arm can be the U-arm to scan freely in any 
raised or lowered effortlessly. patient plane. The scanning 
An easier, more efficient exami- motion can be locked at right 
nation...a stationary, comfort- angles to the central ray and 
able, more cooperative patient scanning can be kept close to 
the chest wall. Your other hand 
is free for catheter control. 





PHILIPS 


ardiac angiograpny 
ardio Diagnost 


The finest image quality A built-in patient transfer 
available...in fluoroscopy and system. 
35mm cine. 


Why? Philips 6’ Image Intensi- Why? Because the Cardio’s 

fier provides the finest contrast examination table is actually a 

and resolution available. The mobile cart. The patient can be 

ILL is close to the chest wall; the prepped, examined and wheeled 

distance from tube to intensi- to a post-op room on the same 

fier is fixed; beam collimation table. Multiple carts make this 

is precise. feature extremely valuable 
wherever cardiac angiography 
is a routine procedure. 


Need more why's? Ask any one 
of our many satisfied users. Or 
write us. We'll provide all you 
need...or show you the one way 
in a major institution near you. 





Bosch EST 40 
Electronic Stethoscope 


A New Standard in 
AUSCULTATION 


Every doctor should 
have at least ONE 
electronic stethoscope. ~œ 


e Now you can properly measure 
all body sounds correctly. 






* Ideal for Doctors with good 
hearing. A must for Doctors with 
a hearing defect. ; 


€ Three stethoscopes in one— 
auscultate lungs, heart, blood 
pressure. 


e Adjustable transmission and 
amplification. 


e Three-position filter switch 
—change pitch easily 
during exam. 


è Learn no new listening 
skills. 


€ Provides complete 
sound patterns. 


* Uses standard radio 
battery—easy to pur- 
chase (one-year life). 


e Affords better diag- j 
nostic information. 


* Low distortion—low 
signal to noise ratio. 


e A must for the obese 
patient with lots of 
fat around the heart. 





e Special terminal box 
allows three or more 
people to hear body 
sounds simultaneously. 
Excellent for consul- 
tation and education. 





POB 589 Huntington Station, NY 11746 
[ 516! 423-0443 


your-office plan. 


Lehr Instrument Corporation 
P.0. Box 589 
Huntington Station, N.Y. 11746 


Dept. No. 3/76JC 


O Please send me information on the Bosch EST 40 
Electronic Stethescope and the 30 day trial-in-your- 
office plan. 


Lehr Instrument Corporation 


Write for additional informat- 
ion and special 30 day trial in- 








MILLAR MIKRC 


CATHETE 
PRESSUF 
TRANSDUC 


a 
Z ELECTRICAL WOVEN DACRON 
CONNECTOR CATHETER 
TO RECORD 


e PRESSURE AT SOURCE 
e TRUE WAVEFORMS 
e PHONOCARDIOGRAMS 





Years of research and clinical 
tion have proven the Millar MIK 
Catheter Pressure Transducer 
highly reliable and thermally 
transducer with excellent linee 
negligible hysteresis. Cathe 
Transducers are essential 
studies where accurate ana 
pressures and pressure wavef« 
required and particularly wher 
tives of pressure waveforms a 
computed. 


Millar MIKRO-TIP® Catheter | 
Transducers are available in a \ 
French sizes with one, two or tl 
sors spaced along a single 
Single Sensor Transducers wi! 
suitable for high speed inje 
angiocardiographic studies | 
available. 


Transducer Control Units are available 
ing with most recorders or display syst 


IL 





throughout the 
Ekoline 20" mo 


df GIOlOgIStS To achieve and maintain Such If you 
world specify the clear-cut leadership, SKI provides more abou 
re often than all Superior Instrumentation and Or write S 


other ultrasonoscopes combined. unsurpassed product Support. Inc., Dept. 
In 9 out of 10 published including a clinically trained sales 


graphic studies, the staff, a top technical staff, and SK | 


Is the instru ment used. Worldwide service centers. 


Number One 
for ten straight yea 








Beat after beat...day after: 


To convert...to MAINTAIN normal sinus 


After conversion of cardiac arrhythmias—whether with CARDIOQUIN Tablets or some other c 


only low b.i.d. or t.i.d. dosage of this unique polygalacturonate salt of quinidine is required in 
maintain normal sinus rhythm. 


Well-tolerated, CARDIOQUIN Tablets are particularly suited for maintenance therapy, since t 


onic acid serves as a buffering moiety. It protects the mucosa of the stomach and permits de 
absorption of the quinidine.* 

*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972 
BRIEF SUMMARY—INDICATIONS: CARDIOQUIN escape mechanisms should not be treated with used to terminate arrhy 


Tablets (quinidine polygalacturonate) are indi- quinidine. WARNING: In the treatment of atrial peated in 3-4 hours. If ne 
cated in the treatment of: premature atrial and flutter reversion to sinus rhythm may be pre- restored after 3 or 4 eq! 
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Unstable Angina Pectoris: Cooperative Study 
Ninth Bethesda Conference Report: Cardiology Manpower 
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yoroDIURIL 
ge (eas 00101740 72 D) 


an be given 
NCE dally 
hypertension 





efficacy 


Of those hypertensive patients who may be controlled 
by HydroDIURIL, as little as 50 mg daily may be 
adequate for some. In others, 100 mg a day may be 
required for satisfactory blood pressure control. A few 
patients may require 200 mg daily in divided doses. 


convenience 


Single daily doses may represent a useful prescribing 
option, and the availability of HydroDIURIL in 50- and 
100-mg tablet strengths makes the option even more 
useful. Once-daily therapy often represents greater con- 
venience and fosters better compliance. (See Addendum 
at right for more dosage details.) 


certain therapeutic 
limitations 


Contraindications include anuria and hypersensitivity to 
hydrochlorothiazide or other sulfonamide-derived drugs. 
Use with caution in patients with severe renal disease, 
impaired hepatic function, or progressive liver disease. 
Lithium generally should not be given with diuretics 
because they reduce its renal clearance and add a high 
risk of lithium toxicity. Read circulars for lithium prepara- 
tions before use of such concomitant therapy. 


TABLETS: 25 mg, 50 mg, and 100 mg 


HydroDIURIL 


(Hydrochlorothiazide | MSD) 


MSD 


SHARE For a brief summary of prescribing information, 
HM please see following page. 





Recommended 

Dosage of 

HydroDIURIL 
(Hydrochlorothiazide, MSD) 
in Hypertension 


Starting Dosage 

The usual adult starting dose is 
50 mg or 100 mg as a single or 
divided dose. For many 
patients, the 50- or 100-mg 
tablets allow once-daily ad- 
ministration for convenience. 


Adjusting Dosage 
Dosage is increased or de- 
creased according to the blood 


^ pressure response of the 


patient. 


Maximum Dosage 

Some patients may require up 
to 200 mg daily in divided 
doses. These patients may also 
benefit from the convenience 
of the 100-mg tablet. 


Use with Other 
Antihypertensive 

Agents 

HydroDIURIL often enhances 
the effect of other antihyper- 
tensive agents. Careful ob- 
servation for changes in blood 
pressure must be made when 
this compound is used with 
other antihypertensive drugs, 
especially during initial therapy. 





In hypertension 





HydroDIURIL 


Hydrochlorothiazide | MSD 


— Contraindications: Anuria; hypersensitivity 
to this or other sulfonamide-derived drugs; 
routine use in an otherwise healthy pregnant 
woman with or without mild edema. 
Warnings: Use with caution in severe renal 
disease since thiazides may precipitate 
azotemia. Cumulative effects may develop in 
patients with impaired renal function. Use with 
caution in patients with impaired hepatic func- 
tion or progressive liver disease, since minor 
alterations of fluid and electrolyte balance may 
precipitate hepatic coma. May add to or poten- 
tiate action of other antihypertensive drugs; 
potentiation occurs with ganglionic or 
peripheral adrenergic blocking drugs. Sen- 

sitivity reactions may occur in patients with or 
— without. a history of allergy or bronchial 
. asthma. Possibility of exacerbation or activa- 
tion of systemic lupus erythematosus has been reported. Lithium generally 
should not be given with diuretics because they reduce its renal clearance and 
add a high risk of lithium toxicity. Read circulars for lithium preparations before 
. use of such concomitant therapy. 


Use in pregnancy: Thiazides cross placental barrier and appear in cord blood; 
in pregnancy or in women of childbearing potential, weigh anticipated benefit 
against possible hazards, including fetal or neonatal jaundice, throm- 
bocytopenia, and possibly other adverse reactions that have occurred in adults. 


Nursing mothers: Thiazides appear in breast milk; if use of drug is deemed es- 
sential, patient should stop nursing. 


Precautions: Perform periodic determination of serum electrolytes to detect possi- 
ble electrolyte imbalance. Observe all patients for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum 
and urine electrolyte determinations are particularly important when patient is vomit- 
ing excessively or receiving parenteral fluids. Medication such as digitalis may also in- 
fluence serum electrolytes. Warning signs, irrespective of cause, are dryness of mouth, 
thirst, weakness, lethargy, drowsiness, restlessness, muscle pains or cramps, muscu- 
lar fatigue, hypotension, oliguria, tachycardia, and gastrointestinal disturbances such 
as nausea and vomiting. Hypokalemia may develop, especially with brisk diuresis, in 
severe cirrhosis, with concomitant corticosteroid or ACTH therapy, or with inadequate 
oral electrolyte intake. Hypokalemia can sensitize or exaggerate response of heart to 
toxic effects of digitalis (e.g., increased ventricular irritability). Hypokalemia may be 
avoided or treated by use of potassium supplements, such as foods with a high 
potassium content. Any chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circumstances (as in liver disease or 
renal disease). Dilutional hyponatremia may occur in edematous patients in hot 
weather: appropriate therapy is water restriction, rather than administration of salt ex- 
cept in rare instances when the hyponatremia is life threatening. In actual salt deple- 
tion, appropriate replacement is the therapy of choice. 

Hyperuricemia may occur or frank gout may be precipitated in certain patients. 





Insulin requirements in diabetic patients may 
be increased, decreased, or unchanged; latent 
diabetes mellitus may become manifest. 
Thiazides may increase responsiveness to 
tubocurarine. Antihypertensive effects of the 
drug may be enhanced in postsympathectomy 
patients. May decrease arterial responsiveness 
to norepinephrine; this diminution is not suffi- 
cient to preclude effectiveness of the pressor 
agent for therapeutic use. If progressive renal 
impairment becomes evident, consider with- 
holding or discontinuing diuretic therapy. 
Thiazides may decrease serum PBI levels with- 
out signs of thyroid disturbance. Calcium ex- 
cretion is decreased by thiazides. Patho- 
logical changes in the parathyroid gland with 
hypercalcemia and hypophosphatemia have 
- been observed in a few patients on pro- 
longed therapy; thiazides should be discontinued before testing for parathyroid 
function. 

Adverse Reactions: Gastrointestinal System— Anorexia; gastric irritation; 
nausea; vomiting; cramping; diarrhea; constipation; jaundice (intrahepatic 
cholestatic jaundice); pancreatitis; sialadenitis. 

Centra! Nervous System —Dizziness; vertigo; paresthesias; headache; xanthopsia. 
Hematologic — Leukopenia; agranulocytosis; thrombocytopenia; aplastic anemia. 
Cardiovascu/ar—Orthostatic hypotension (may be aggravated by alcohol, bar- 
biturates, or narcotics). 

Hypersensitivity—Purpura; photosensitivity; rash; urticaria; necrotizing 
angiitis (vasculitis) (cutaneous vasculitis); fever; respiratory distress including 
pneumonitis; anaphylactic reactions. 

Üther— Hyperglycemia; glycosuria; hyperuricemia; muscle spasm; weakness; 
restlessness; transient blurred vision. 

Whenever adverse reactions are moderate or severe, thiazide dosage should be 
reduced or therapy withdrawn. 

Note: When used with other antihypertensive drugs, careful observations for changes 
in blood pressure must be made, especially during initial therapy. Dosage of other anti- 
hypertensive agents must be reduced by at least 50 percent as soon as this drug is 
added to the regimen. As blood pressure falls under the potentiating effect of this 
agent, further reduction in dosage, or even discontinuation, of other antihypertensive 
drugs may be necessary. 

How Supplied: Tablets containing 25 mg hydrochlorothiazide 
each in bottles of 100 and 1000 and single-unit packages of 100; 
Tablets containing 50 mg hydrochlorothiazide each in bottles of 
100, 1000, and 5000 and single-unit packages of 100; Tablets 
containing 100 mg hydrochlorothiazide each in bottles of 100. 
For more detailed information, consult your MSD repre- 
sentative or see full prescribing information. Merck 
Sharp & Dohme, Division of Merck & Co., Inc., West Point, 
Pa. 19486 


MSD 
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If youre prescribing diuretics, 
here's why you should prescribe 
100% pure Orange Juice from Florida. 


The usage of diuretics may cause potassium 
deficiency. 

Normally potassium deficiency is not encountered 
since it is a common nutrient found in many foods. 
However, when halogenated thiazide diuretics (so use- 
ful in treating hypertension and edematous conditions) 
are prescribed, potassium depletion may be an un- 
wanted side effect. Just from the precautionary à 
statements accompanying their labelling, 

it is evident that potassium loss, particularly "d 
in association with effective diuresis, is a NE 
common problem that can affect a large $ 
number of people 






a 


Orange juice can help in this situation. 
Since potassium preparations are expensive and often 
iritate the gastrointestinal tract, an effective method of 
preventing potassium depletion is using a diet contain- 
ing foods with an adequate amount of potassium. 
Orange juice is such a food. An 8-oz. serving sup- 
Es plies 470 mg. of potassium and only 2.4 mg. 
Om of sodium. This high potassium to sodium ratio 


for effective preventive therapy with the 
halogenated thiazide diuretic. Best of all, 
your patients will love the taste of de- 
M \icious 100% pure Orange Juice from Florida. 


-— LN (approximately 200:1) provides a good basis 
< N 


3. 






FLORIDA ORANGE GROWERS 


SOURCE: The material in this ad has been taken from Dr. W 


A. Krehis article. "The Potassium Depletion Syndrome" published in the June, 1966 issue of Nutrition Today 






assistance 
comes of age! 


the new Model 10 
Avco Intra-Aortic Balloon Pump 








The most experienced cardiac assist system is now the most * New electro-magnetic drive system for quieter, more 

refined. Exacting design standards extend the performance, reliable operation. 

reliability and patient care capabilities . .. simplified operation, * Operates on less power and requires less warm-up time.. 
improved monitoring, digital diagnostic displays and greater self-contained, rechargeable batterv pack for extended operation 
mobility make the Model 10 the most desirable counter- during transport. 

pulsation system. * Used with standard Avco Tri-Segment™ balloons that are 
Uniquely Roche, the Avco Model 10 features. constructed using a patented design that prevents end- 

* Three-color waveform displays of ECG, arterial pressure occlusion, blood entrapment, and excessive aortic wall stress. 


and balloon pressure. Full 12-lead ECG capability. § 
* Alphanumeric displays of heart rate, balloon 
gas volume, and svstolic, mean and diastolic 
blood pressures. 

e Automatic preprogrammed message displays — $ 
to identify problem states and suggest procedural | a 
steps for immediate correction. 

* Advanced microprocessor techniques allow 
R-wave or arterial pressure triggering, pacer 
pulse rejection, and display of derived phvsio- 
logic data. 

* Compact design, lighter weight and larger 
conductive wheels for increased mobility and 
safetv. 


ROCHE...improving patient care 

2$ through technology. 

€ All Avco Intra-Aortic Balloon Pumps are 

backed by the Roche nationwide network of 
Technical Representatives and Avco Cardio- 
vascular Specialists. Reliable technical and 
clinical support as well as on-site training are 
your guarantees of consistent, dependable and 
accurate instrument performance and operation. 


* Developed by Avco Corporation and manufactured 
for Roche Medical Electronics Inc. 


For a demonstration. ..or detailed information, 
return this coupon today! 
C] Please send me additional information on 
the Avco Model 10. 
C] Please call me to arrange for a demonstration 
of the Avco Model 10. (Tel. —  . CS) 





Name 


ROCHE MEDICAL ELECTRONICS INC. "em 





» WJA R 7 gP gre Te v "mv? rd E 74 


ri Pay wy LL JOY mA š T fu AIF Ri PE OS AMER NST IREA EC TUMETVME à " PL WALT Ae et 
"ot * E re T eng MAJ i Py , i , T "Iii a ] M. soe ves a = 
S Dko amg a & - ng A T de ING eee Se FEA A aty i i 


The American Journal of CARDIOLOGY’ 


Editor-in-Chief 


SIMON DACK, MD, New York 


Associate Editors 


EUGENE BRAUNWALD, MD, Boston, Mass. 
E. GREY DIMOND, MD, Kansas City, Mo. 


4 


Senior Assistant Editors Managing Editor 
RAYMOND HARRIS, MD, Albany, N. Y. RUTH R. OHMAN 
LESLIE A. KUHN, MD, New York 
Assistant Managing Editor 
DEBORAH GREEN 
Assistant Editors 
IRA J. GELB, MD, New Rochelle, N. Y. Publisher 
MELVIN KAHN, MD, New York LOUIS F. LE JACQ 





EDITORIAL CONSULTANTS 


CRAWFORD W. ADAMS, MD, Nashville 


GERARD A. KAISER, MD, Miami KENNETH M. ROSEN, MD, Chicago 


ROBERT A. BRUCE, MD, Seattle 
AGUSTIN CASTELLANOS, Jr., MD, Miami 
LAWRENCE S. COHEN, MD. New Haven 
ERNEST CRAIGE, MD, Chapel Hill, N. C. 
JAMES E. CROCKETT, MD, Kansas City, Mo. 
ANTHONY N. DAMATO, MD, Staten Island 
LEONARD S. DREIFUS, MD, Philadelphia 
MARVIN I. DUNN, MD, Kansas City, Kans. 
DONALD B. EFFLER, MD, Syracuse, N.Y. 
MARY ALLEN ENGLE, MD, New York 
HARVEY FEIGENBAUM, MD, Indianapolis 
CHARLES FISCH, MD, Indianapolis 
NOBLE O. FOWLER, MD, Cincinnati 

RAY W. GIFFORD, Jr., MD, Cleveland 
ALLAN N. GOODYER, MD, New Haven 


KALMAN GREENSPAN, PhD, Terre Haute, Ind. 


DONALD C. HARRISON, MD, Stanford, Calif. 
MICHAEL V. HERMAN, MD, New York 
JAMES C. HUNT, MD, Rochester, Minn. 
THOMAS N. JAMES, MD, Birmingham 
MELVIN P. JUDKINS, MD, Loma Linda, Calif. 


WILLIAM B. KANNEL, MD, Framingham 
SAMUEL KAPLAN, MD, Cincinnati 
ARNOLD M. KATZ, MD, New York 

JOHN D. KEITH, MD, Toronto 

HARVEY G. KEMP, Jr., MD, New York 
JOHN W. KIRKLIN, MD, Birmingham 
SUZANNE B. KNOEBEL, MD, Indianapolis 
CHARLES E. KOSSMANN, MD, Memphis 
JAMES J. LEONARD, MD, Pittsburgh 
HAROLD D. LEVINE, MD, Boston 
ROBERT S. LITWAK, MD, New York 
DEAN T. MASON, MD, Davis, Calif. 
RASHID A. MASSUMI, MD, Davis, Calif. 
DWIGHT McGOON, MD, Rochester, Minn. 
HENRY D. McINTOSH, MD, Houston 
ANDREW GLENN MORROW, MD, Bethesda 
ARTHUR J. MOSS, MD, Los Angeles 
JOHN O. PARKER, MD, Kingston, Ontario, Canada 
JOSEPH K. PERLOFF, MD, Philadelphia 
RICHARD L. POPP, MD, Stanford, Calif. 
CHARLES E. RACKLEY, Birmingham 
WILLIAM C. ROBERTS, MD, Bethesda 


PUBLICATIONS COMMITTEE, AMERICAN COLLEGE OF CARDIOLOGY 


JOHN ROSS, Jr., MD, San Diego 
Chairman 


SIMON DACK, MD (ex officio), New York 
PETER L. FROMMER, Bethesda 
D. LUKE GLANCY, MD, New Orleans 


MAURICIO B. ROSENBAUM, MD, 
Buenos Aires, Argentina 
JOHN ROSS, Jr., MD, La Jolla, Calif. 
PHILIP SAMET, MD, Miami Beach 
LEONARD SCHERLIS, MD, Baltimore 
ROBERT C. SCHLANT, MD, Atlanta 
ARNOLD SCHWARTZ, PhD, Houston 
BERNARD L. SEGAL, MD, Philadelphia 
ARTHUR SELZER, MD, San Francisco 
RALPH SHABETAI, MD, Lexington, Ky. 
BURTON E. SOBEL, MD, St. Louis 
EDGAR SOWTON, MD, London 
JAMES F. SPANN, Jr., MD, Philadelphia 
LEONARD STEINFELD, MD, New York 
BORYS SURAWICZ, MD, Lexington, Ky. - 
H. J. C. SWAN, MD, Los Angeles 
NORMAN S. TALNER, MD, New Haven - 
J. H. S. VAN MIEROP, MD, Gainesville, Flz 
RICHARD VAN PRAAGH, MD, Boston 
ARNOLD M. WEISSLER, MD, Detroit 
NANETTE K. WENGER, MD, Atlanta 


FRANCIS J. KLOCKE, Buffalo 
JOHN F. WILLIAMS, Jr., Galveston 
DOUGLAS P. ZIPES, indianapolis 





THE AMERICAN JOURNAL OF CARDIOLOGY,® Official Journal of the American College of Cardiology, May 1976, Vol. 37, No. 6. 





Member, American Business Press, Inc. and Audit Bureau of Circulations. Published monthly, except March ánd October, semimonthly, by 
the Magazine Division, DUN-DONNELLEY PUBLISHING CORPORATION, a member of the Dun and Bradstreet Group, William F. Ward, Jr., 
President; John K. Abely, Executive Vice President, Magazine Division. Executive, Editorial and Advertising Offices: 666 Fifth Ave., New 
York, N. Y. 10019. Printed in Easton, Pa. 


SUBSCRIPTIONS: Solicited only from cardiologists and other physicians. Publisher reserves the right to refuse unqualified subscribers. Sub- 
scribers agree that no article or any part thereof published in any editions of the American Journal of Cardiology received under this sub- 
scription agreement may be copied, recorded or reproduced in any fornror by any means, electronic or mechanical, including, among other 
things, photocopying or the storing of part or all of such articles on any information retrieval system, without the written permission of the 
Publisher. Address correspondence regarding subscriptions and changes of address to: THE AMERICAN JOURNAL OF CARDIOLOGY, 66€ 
Fifth Ave., New York, N.Y. 10019. Please include your zip code and, in case of change of address, copy of old address label. Changes of ad- 
dress must reach the Journal one month preceding month of issue. Single copy price: Regular issues $4.00; Symposium and Special issues 
$6.00. Subscription rate for individuals in field of publication: United States $20.00 a year; Canada $32.00; Foreign $38.00. Residents, In- 
terns, and Medical Students: United States $13.00; Canada $24.00; Foreign $30.00. Not responsible for replacing Journal issues unless the 
Circulation Department is notified of nonreceipt within three months of issue date. 

Second class postage paid at New York, N.Y. and additional mailing offices. Printed in U.S.A. Trademark? in U.S. Patent Office. (O GDY 
right 1976 by Dun-Donnelley Publishing Corporation. All rights reserved. No part of this publication may be reproduced or transmitted in any 
form or by any means, electronic or mechanical, including photocopying recording or by any information storage retrieval system, without 
permission of the copyright owner. Prices on bulk reprints of articles available on request. 


MANUSCRIPTS: Address all manuscripts to the Editorial Office. See "Instructions for Authors,” on p 984. 


,AMERICAN COLLEGE OF CARDIOLOGY: All communications for the College except manuscripts should be addressed to the American Col- 
lege of Cardiology, Office of the Executive Director, 9650 Rockville Pike, Bethesda, Md. 20014. 


Ns TEM ^ar TE m EM Tap yr ruta "T ^ ne n^ ys re 54 zx Wee Rage ap T C 
m FEE mm m QOEM Sus ae 9) es RARO cM Mere iln. eee E 
XP 4 ist, F Siy Eg ert B 6 
! 


ets | Contrandlestions: dab Nu cite are contraindicated in patients” 
he1 pat ient witi - 5 s with partial A-V or complete heart block, or intraventricular conduction 
defects, especially those exhibiting a marked grade of QRS widening; 


in patients manifesting idiosyncrasy or sensitivity to quinidine (e.g. 


vt febrile reactions, skin eruptions, thrombocytopenia, etc.), in patients 
[3 CNN iac ar E mia with renal disease resulting in significant azotemia, or those developing 
cardiotoxic effects such as conduction defects; ventricular premature 


beats, ventricular tachycardia or flutter while on the drug. It may be 


contraindicated in certain patients who have marked cardiac enlarge- 
ma nee ment, particularly with congestive failure, poor renal function, and 
especially renal tubular acidosis. 


Precautions: The precautions to be observed include all those applicable 


e e to quinidine. A preliminary test dose of a single tablet of quinidine 
me 1C a 1011 mos sulfate should be administered to determine if the patient has an idio- 
syncrasy to quinidine. Hypersensitivity to quinidine, although rare, 

should constantly be considered; especially during the first weeks of 

E therapy. 

W en e $4 Signs of idiosyncrasy include febrile reactions, skin eruptions, throm- 
bocytopenic purpura, and respiratory embarrassment. Extreme caution 

should be exercised in using the drug in patients with severe heart 
disease and congestive heart failure, with digitalis intoxication, or renal 


ue * 
ast lik Í t tak it insufficiency. It should be administered cautiously, if at all, to senile 
f. | ew $9 patients. Hospitalization for close clinical observations, electrocardio- 
graphic monitoring, and possibly plasma quinidine levels, is indicated 
risk. 
2 w 9 » As with all quinidine preparations, the titrating of the exact quinidine 
l W 1 e e Sg & ee in dosage will vary with each individual patient. With the dosage regimen 
® of 2 tablets every 8 hours, higher blood levels than necessary for main- 
tenance of normal sinus rhythm could be reached, whereas with 1 tablet 


when large doses are used, or with patients who present an increased 
3 every 12 hours, the blood levels may be too low to maintain normal 





sinus rhythm. 
x se dao As with other quinidine products, Quinaglute Dura-Tabs should not 
Quinaglute* Dura-Tabs* (quinidine gluconate) be used during pregnancy. ! 


Adverse Reactions: The patient should be advised to report immediately 
to the physician any symptoms of cinchonism (including tinnitus, de- 


, creased auditory acuity, vertigo, blurred vision, color perception dis- 
. produces sustained serum quinidine lev els, thus turbances, photophobia, diplopia, night blindness, scotomata, reduced 
: , visual fields, mydriasis and respiratory distress). 

providing a conv enient 8 or 12 hour dosage schedule | Where such symptoms develop, or if evidence of hypotension appears, 
a usually i insures uninterrupted therapeutic quinidine the drug should be discontinued. Gastrointestinal disturbances have only 
em rarely been reported. If they occur, they may be minimized by admin- 
PEE 4 gluconate levels during sleep istering the drug with food. If they persist, dosage should be decreased. 
us j Dosage: For the prevention of premature atrial, nodal or ventricular con- 

ere . avoids peaks and valleys i in plasma le els during tractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 
Xr; which time the arrhythmias may recur Before prescribing or administering, please refer to QUINAGLUTE full 

: product information. 


— » maintains normal sinus rhythm following conversion 

2 E other techniques 

ia well tolerated to enhance patient cooperation — CGOPCSMaboratories, Inc. 
petew G.I. disturbances Wayne, New Jersey 07470 


inaglute Dura-labs 


E: (quinidine gluconate) » gr. (033 Gm.) 
>. tohelp maintain the tient 
all through the night 
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James E. Gindler, Leon Frazin, John M. Moran, Henry Loeb and Rolf 
M. Gunnar 


REPORTS ON THERAPY 


Coronary Artery Bypass Surgery for Left Main Coronary Artery 
Disease. David R. McConahay, Duncan A. Killen, Ben D. McCallister, 
Malcolm Arnold, William A. Reed, James E. Crockett and Hubert H. 
Bell 


Internal Mammary Artery Bypass Graft in Reoperative Myocardial 
Revascularization. Floyd D. Loop, Nestor R. Carabajal, Paul C. Taylor 
and Manuel J. lrarrazaval 


Unstable Angina Pectoris: National Cooperative Study Group To 
Compare Medical and Surgical Therapy. |. Report of Protocol and 
Patient Population. R. O. Russell, R. E. Moraski, N. Kouchoukos, 
R. Karp, J. A. Mantle, C. E. Rackley, L. Resnekov, R. E. Falicov, J. 
Al-Sadir, H. Brooks, C. E. Anagnostopoulos, J. Lamberti, M. Wolk, 
W. Gay, T. Killip, P. Ebert, R. Rosati, N. Oldham, B. Mittler, R. Peter, 
C. R. Conti, R. S. Ross, R. K. Brawley, G. Plotnick, V. L. Gott, J. S. 
Donahoo, L. C. Becker, A. M. Hutter, Jr., R. W. DeSanctis, H. K. Goid, 
R. C. Leinbach, E. D. Mundth, M. J. Buckley, W. G. Austen, M. Hod- 
ges, T. L. Biddle, J. A. DeWeese, P. N. Yu, J. Schroeder, E. Stinson, 
J. Silverman, V. William, J. Cornfield, T. J. Reeves, P. L. Frommer, 
E. Kaplan, J. P. Gilbert and J. Newell 
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EPIDEMIOLOGY 


Multivariate Prediction of Coronary Heart Disease During 8.5 Yea 
Follow-Up in the Western Collaborative Group Study. Ray H. Ro 
senman, Richard J. Brand, Robert |. Sholtz and Meyer Friedman . 
PEDIATRIC CARDIOLOGY : 


Overriding Tricuspid Valve: Echocardiographic and Anglocactl 
ographic Features. Eight Cases of Ventricular Septal Defect o 
Atrioventricular Canal Type. Michael A. Lacorte, Kenneth E. Fellows 
and Roberta G. Williams 

CASE REPORTS 


Acute Coronary Embolism Complicating Bacterial Endocarditis 
Operative Treatment. James F. Pfeifer, Martin J. Lipton, James H 
Oury, William W. Angell and Herbert N. Hultgren 


Repetitive Myocardial Ischemia of Prinzmetal Type Without Angin: 
Pectoris. Maurizio Guazzi, Maria T. Olivari, Alvise Polese, Cesare 
Fiorentini and Fabio Magrini 


Pulmonary Varix Regression After Mitral Valve Replacement. ied 
Hsu, George A. Kelser, Paul C. Adkins and Michael M. Shefferma 


Myotonia Dystrophica. Ventricular Arrhythmias, Intraventricula 
Conduction Abnormalities, Atrioventricular Block and Stokes 
Adams Attacks Successfully Treated With Permanent Transvenou: 
Pacemaker. Stephen D. Clements, Jr., Rudolf A. Colmers and : 
Willis Hurst 


EDITORIALS 


Coronary Arterial Spasm: Culprit or Bystander? Robert A. chem 
and Robert J. Luchi 


Coronary Arterial Spasm in Prinzmetal's Angina: A Proved Hy 
pothesis. Jose Meller, Augusto Pichard and Simon Dack 


BETHESDA CONFERENCE REPORT: 
CARDIOLOGY MANPOWER 
Participants 


Foreword: Introduction and Charge to the Conference. Walter H 
Abelmann 


Methodology of the Cardiology Manpower Study. Stephen Abra 
hamson 


Results of the Cardiology Manpower Study. Forrest H. Adams 


The Federal Role in Health Manpower: A New Proposal. Jame 
F. Dickson, III 


Keynote Address: Manpower for Cardiology: No Easy Answers 
Eli Ginzberg | 


Task Force I: Review and Critique of Cardiology Manpower Stud 


Task Force Il: D pulot ot CANE un 
of Cardiovascular Health Care 


Task Force Ill: Education and Training to Meet Cardiovascula 
Health Manpower Needs 


Task Force IV: Evaluation of Professional Competence 
Task Force V: Efficacy of Cardiovascular Manpower Utilization 


Task Force VI: Evaluation of Quality of and Access to Cardiovas 
cular Care 


Summing Up. Walter H. Abelmann and Forrest H. Adams 
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help the pacemaker patient, 


every step of the way 








Medtronic makes the Xytron 
Pacemaker, of course. As well as 
many other innovative products. 
But products are only part of the 
reason why Medtronic can help you 
be more helpful to the pacemaker 


patient. 





PROFESSIONAL REPRESENTA- ENGINEERING EXCELLENCE 
TION AND SERVICE The Medtronic He is your direct line to a company 
representative who calls on you is committed to discovery and engi- 


one of the most thoroughly trained, neering excellence. A company 
most professional representatives in already working on the concepts 

the pacing industry. He is committed ^ that will become the reality of pacing 
to excellence. And with the resources technology in the 1980's and 90's. 
he represents, he can provide you 

with personal service, plus company 

services to assist you in your 
management of the pacemaker 
patient. 


VERTICAL INTEGRATION Consider 
Medtronic's vertical integration. It 
places less dependence on outside 
sources, permits more precise 
control over the components that go. 
into our products. Our Micro-Rel 
subsidiary pioneers new manufac- 
turing methods and techniques 

that permit volume production of 
highly reliable integrated circuitry. 


QUALITY AND RELIABILITY As you 
probably are aware, quality and 
reliability are particularly emphasized 
at Medtronic. One of every five 
persons involved with the manufac- 
ture of our products is assigned 
quality or reliability control responsi 
bilities to assure that our products 
will meet or exceed industry 
standards. com 
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A CORPORATE COMMITMENT 
Your commitment toward serving 
mankind is shared by the entire 
Medtronic corporate entity. Like you, 
Medtronic is working toward man's 
full life. 


A Medtronic 


Helping you help 
the pacemaker patient 
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Balloon Pacing Catheter 
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A New Generation 


of Balloon Catheters 








From Extracorporeal. 


Designed specifically to meet your needs. 


Now you can have balloon catheters that were 
designed with you and your patient in mind. 
Patient safety, ease of insertion, proper 
manipulation and positioning, accurate 
pressure reportings, flexibility and quality 
construction—all were considered in 
designing our balloon catheters. The result: 

a new generation of catheters. So now, 
whatever your specialty, you can select an 
Extracorporeal Balloon Catheter to meet your 
particular requirements. 


Four new Extracorporeal catheters are 
available: Arterial Embolectomy Catheter, 
Wedge Pressure Catheter, Berman 
Angiographic Catheter, and Balloon Pacing 
Catheter. And these new generation catheters 
provide exclusive patient advantages over 
other currently available catheters: 


Tapered Tip—insures that the diameter of the 
deflated balloon cannot exceed the diameter 
of the catheter body. This allows the 
introducer to be properly matched to the 
catheter, and helps reduce blood loss to 

the patient. 


Special Tip Construction—provides the 
largest possible lumen along the entire 


catheter length, and allows a smaller French 
size to be used than is normally possible 
with other catheters. 


Wide Range of Sizes—Extracorporeal 
Balloon Catheters are offered in more sizes 
than have been previously available anywhere. 


Conveniently Packaged—each catheter is 
packaged individually in a sterile peel-pack 
with a sterile syringe of proper size. 


Also Available: The New Extracorporeal 
Stylet Pacing Catheter. Designed with a soft 
flexible catheter body and removable stylet to 
help minimize the chance of perforation and 
accidental repositioning after placement. 


For further information on Extracorporeal New 
Generation Balloon Catheters, complete and 
mail coupon today. 


extracorporeal 


Extracorporeal Medical Specialties, Inc. 
Royal & Ross Rds.-King of Prussia. Pa. 19406 US A: 215-337-2400 


In Europe Write: 


Extracorporeal S.A., 253 Avenue Winston Churchill, 
B-1180 Brussels, Belgium 


Extracorporeal Medical Specialties, Inc. 
Royal and Ross Roads 
King of Prussia, Pa. 19406 


Gentlemen: 


Name 


Address 
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| am interested in the new Extracorporeal Balloon Catheters. 
[] Please have your professional representative contact me. 
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IN ANGINA: ACTS WITH SUBLINGUAL SPEED 






SUMMARY OF 
PRESCRIBING INFORMATION 
Mode of action: The mechanism of 
of SORBITRATE (isosorbide dinitr. 
unknown, although the basic pf 
cologic action is to relax smooth rr 
Isosorbide dinitrate reduces in numb 
severity the incidence of angina pt 
attacks, with concomitant reduction ir 
glycerin intake 





Indications: Based on a review of this 
by The National Academy of Scienc 
National Research Council and/or othe 

formation, FDA has classified the indica 

as follows 
Probably" effective: Sublingual and chev 
dosage forms of SORBITRATE are indicated fc 
treatment of acute angina! attacks and for prc 
| laxisin situations likely to provoke such attacks 

| Final classification of the less-than-effective in 

| tions requires further investigation 





LL ee 
Contraindications: A history of sensitivity to the dr 
Warnings: Data supporting the use of nitrates duri 
early days of the acute phase of myocardial inf: 
are insufficient to establish safety. Phenobarbital r 
habit forming 
Precautions: Should be used with caution in p 
who have glaucoma. Tolerance and cross tolera 
other nitrates may occur 
Adverse Reactions: Headache which may be seve 
persistent. Lowering the dose and using analges 
help control the headaches which usually dimir 
disappear as therapy is continued 

Adverse reactions seen occasionally: Cutaneou: 
dilation with flushing: transient dizziness and we: 
as well as other signs of cerebral ischemia asst 
with postural hypotension; individual marked ser 
to the hypotensive effects of nitrates wherein 
responses can occur even with the usual therz 
dose (alcohol may enhance this effect); drug ras 


C H EWA B LE or exfoliative dermatitis 
(R) This drug can act as a physiological antago 
norepinephrine, acetylcholine, histamine and 
agents 
Dosage and Administration: Route: Sublingual, o 
e chewable tablets. 


Individual Dose: To minimize hypotensive resp 


which may occasionally be severe with chewable 
as low as 5 mg., the smallest effective dose shc 
employed. Chewable tablets are generally given in 


of 5 mg. Sublingually or orally, 5 to 10 mg. is the 
commonly used although doses of up to 30 mc 
frequently been employed 

Dosage Schedule: Smallest effective dose nec 


As with sublingual ISDN: cub oae R1 UE. eq ie 
in2mji ' S end “ines day CHEWABLE SORBITRATE Y 

acts IN) 2 I utes for therapeutic USe. es inen for ramo rere of anginal pain 3 or 4 time 
D h f h | . Although the erst ane cope med Gh effect of CC 

acts up to < hours tor prophylaxis. aes ol ese Vues tor SONETA n 


Onset of Effect: Sublingual and Chewable 
minutes. Oral: 15 to 30 minutes 


ats a Duration of Effect Sublingual and Chewable: 
n a H ion: hours. Oral: Estimated to be 4 to 6 hours. 
It is recommended that the oral dosage be ta 


e . . : an empty stomach 
chewing action helps distribute baby STERCUS EUREN e 
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CLINICAL STUDIES 


823 Effects of Coronary Artery Bypass Grafting on Resting and Exercise Hemodynamics in Patients With 
Stable Angina Pectoris: A Prospective, Randomized Study 


| 
WILLIAM H. BARRY, JAMES F. PFEIFER, MARTIN J. LIPTON, ARA G. TILKIAN 1 
and HERBERT N. HULTGREN a 
4 
Hemodynamic evidence of ischemic left ventricular dysfunction during maximal treadmill exercise may identify | 
a subgroup of patients with coronary artery disease who will show objective improvement in ventricular perfor- - 
mance after bypass graft surgery. In these patients with marked ischemic dysfunction, pulmonary arterial - 
wedge pressure during exercise decreased from 31.4 + 1.5 mm Hg (entry) to 19.6 + 1.8 (1 year), and tread- 
mill time increased from 217 + 24 to 357 + 37 seconds. 
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831 Clinical and Arteriographic Features of Prinzmetal's Variant Angina. Documentation of Etiologic 
Factors 


CHARLES B. HIGGINS, LEWIS WEXLER, JAMES F. SILVERMAN and JOHN S. SCHROEDER 


Coronary arterial spasm may induce myocardial ischemia in some patients with Prinzmetal's angina. Coronary 
arteriography in 17 patients with Prinzmetal's variant angina showed high grade fixed obstructions in 9 and in- 
significant or no fixed lesion in 8. Spontaneous coronary spasm was documented in three patients and phar- - 
macologically provoked in two of the latter group without significant obstruction during arteriography. i 
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840 interventricular Septal Motion During Preexcitation and Normal Conduction in Wolff-Parkinson-White — 
Syndrome. Echocardiographic and Electrophysiologic Correlation 


ANDRES R. TICZON, ANTHONY N. DAMATO, ANTONIO R. CARACTA, GULIAN RUSSO, | 
JAMES R. FOSTER and SUN H. LAU ‘ah 


Echocardiograms showed characteristic abnormal interventricular septal motion in 8 of 11 patients with the | 
type B Wolff-Parkinson-White syndrome and normal septal motion in all 9 patients with the type A syndrome 
during total preexcitation and during normalization of the QRS complex. The abnormal motion in patients with . 
type B appears to be related to an abnormal sequence of ventricular depolarization during preexcitation. When — 
abnormal septal motion occurs in patients with the type A syndrome, an explanation other than preexcitation — 
must be sought. | 


848 Auscultatory Perception of the Fourth Heart Sound. Effects of Interval From Fourth to First Sounds 
(S4-S41) and Aging 


MASAYA KINO, AHMAD SHAHAMATPOUR and DAVID H. SPODICK ! x 


PY arn 


In this clinically heterogeneous group of 48 subjects (aged 19 to 76 years), those with “easily missed" S4- 
were significantly younger than those with an “easily heard" S4. The interval between S, and the low frequen- - 
cy component of S, was significantly shorter in those with an “easily heard” S4. Temporal acoustic summa- E 
tion or modification of S4 possibly explains the variations in auscultatory perception of the fourth heart sound. 


Continued on page A17 





Hygroton soms. 
(chiorthalidone) 


blocks sodium retention longer 


Diuretics reduce blood pressure by blocking 


sodium retention to lower “effective” volume. But 
the body's renal compensatory mechanisms are 


mobilized to promote a secondary sodium 
conservation, expand "effective" volume and 
perhaps reelevate blood pressure. Sustained 
control of "effective" volume is therefore 


essential to treatment. No other diuretic blocks 


sodium retention longer than Hygroton. 


Provides sustained control 


Since the effects of Hygroton are exerted over a 
24-hour period, sodium diuresis is gradual and 
prolonged. At the renal tubular level, Hygroton 
thwarts attempts of the renin/angiotensin/ 
aldosterone system to conserve sodium, thus 
keeping “effective” volume and blood pressure 
down. Inadequate doses of diuretics may permit 
the renin/angiotensin/aldosterone system to 
prevail, but Hygroton helps inhibit it through... 
a ‘24-hour sentry” effect 


Enhances patient compliance 


The “24-hour sentry” effect of Hygroton allows 
once-a-day administration. This uncomplicated 
regimen encourages patient compliance 
through simplicity and economy. Proven efficacy 
and compliance have made Hygroton one of the 
most widely prescribed diuretic/antihyperten- 
sives for mild to moderate hypertension today. 


Hyvgroton 


the 24-hour sentry 


For effective once-daily therapy 








USV Pharmaceutical Mfg. Corp. 
pHarmaceuticais Manati, P.R. 00701 


BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in edema. 
Contraindications: Anuria, hypersensitivity to chlorthali- 
done; routine use of diuretics in an otherwise healthy preg- 
nant woman with or without mild edema is contraindicated 
and possibly hazardous. Warnings: Should be used with 
caution in severe renal disease, impaired hepatic function 
or progressive liver disease. May be additive or potentiative 
ofthe action of other antihypertensive drugs. Sensitivity 
reactions may occur in patients with a history of allergy or 
bronchial asthma. Usage in women of childbearing age 
requires that the potential benefits of the drug be weighed 
against its possible hazards tothe fetus. These hazards 
include fetal or neonatal jaundice, thrombocytopenia, and 
possibly other adverse reactions which have occurred in the 
adult. In nursing mothers, thiazides cross the placental 
barrier and appear in cord blood and breast milk. Precau- 
tions: Periodic determination of serum electrolytes to 
detect possible electrolyte imbalance should be performed 
at appropriate intervals. All patients receiving chlorthalidone 
should be observed for clinical signs of fluid or electrolyte 
imbalance; namely, hyponatremia, hypochloremic alkalo- 
sis, and hypokalemia. Serum and urine electrolyte determi- 
nations are particularly important when the patient is 
vomiting excessively or receiving parenteral fluids. Medica- 
tion such as digitalis may also influence serum electrolytes. 
Hypokalemia may develop with chlorthalidone as with any 
other potent diuretic, especially with brisk diuresis, when 
severe cirrhosis is present, or during concomitant use of 
corticosteroids or ACTH. Interference with adequate oral 
electrolyte intake will also contribute to hypokalemia. Digi- 
talis therapy may exaggerate metabolic effects of hypokale- 
mia especially with reference to myocardial activity. Any 
chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circum- 
stances (as in liver disease or renal disease). Dilutional 
hyponatremia may occur in edematous patients in hot 
weather. Hyperuricemia may occur or gout be precipitated 
in certain patients. Insulin requirements in diabetic patients 
may be increased, decreased, or unchanged and latent 
diabetes mellitus may become manifest. Chlorthalidone 
and related drugs may increase the responsiveness to 
tubocurarine. The antihypertensive effects of the drug may 
be enhanced in the postsympathectomy patient. Chlor- 
thalidone and related drugs may decrease arterial respon- 
siveness to norepinephrine. If progressive renal impairment 
becomes evident, as indicated by a rising nonprotein 
nitrogen or blood urea nitrogen, a careful reappraisal of 
therapy is necessary with consideration given to withhold- 
ing or discontinuing diuretic therapy. Chlorthalidone and 
related drugs may decrease serum PBI levels without signs 
of thyroid disturbance. Adverse Reactions: Anorexia, gas- 
tric irritation, nausea, vomiting, cramping, diarrhea, con- 
stipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, headache, 
xanthopsia; leukopenia, agranulocytosis, thrombocy- 
topenia, aplastic anemia; purpura, photosensitivity, rash, 
urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculi- 
tis), Lyell's syndrome (toxic epidermal necrolysis). Ortho- 
static hypotension may occur and may be aggravated by 
alcohol, barbiturates or narcotics. Other adverse reactions 
include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, impotence. Whenever 
adverse reactions are moderate or severe, chlorthalidone 
dosage should be reduced or therapy withdrawn. Usual 
Dose: Onetablet daily. How Supplied: Tablets— 100 mg. 
(white, scored) and 50 mg. (aqua) in bottles of 100 and 
1000; PAKs of 28 tablets, boxes of 6. 
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three views of every heartbeat, 
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ew Burdick EK-6 3-channel electrocardiograph— 3 jv npe SEHE Direct-recording ac- 
uring periods of cardiac instability, more accurate E p || us E Ae curacy—Burdick’s 


iagnosis demands more complete data. Having that B heated stylus, 
iformation in seconds is one reason you should have di  heatsensitive paper and 
ie new Burdick EK-6 3-channel electrocardiograph. flat writing surface 
combine to produce 
tracings of uncommon 
clarity and accuracy. And 
the EK-6 produces a 
higher fidelity in the ECG 
to eliminate distortions or 
s errors common with 
PALA penna inferior recordings. 


he EK-6 gives you three different perspectives of the 
eart all at once. You can perceive the status of the 
eart more accurately, with recording flexibility that is 
ritical for complete cardiac diagnosis. 
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'omplete 12-lead ECGs in 
en seconds— Once the 
lectrodes are attached, 
ushing a single AUTO 
IUN button automatically pro- 
uces a complete 12-lead ECG 
sady for mounting. Three-lead 
roups are automatically iden- 
fied and marked. Lead 
sngths, selection, standardiz- 
tions, sensitivity settings, 
iaper speed, and lead check 
ire also automatically con- 
rolled. Or the EK-6 may be 
»rogrammed for manual or 
iemi-automatic operation. 


Fast, sure electrode placement—Tangled leads and 
complicated lead replacement are nearly eliminated. The 
Burdick EK-6 features color-coded, variable-length lead 
wires that allow the operator to place the leads quickly 
and securely. Burdick's unique patient- 









cable junction block will accept 10 in- 
dividual leads for standard 
ECGs, or fifteen when XYZ 
(Frank) leads are desired. 
Also, our patient cable is 
easily repairable. 


You can view your patient's 
heart from three perspec- 
tives at one time with the 
Burdick EK-6 3-channel 
electrocardiograph. 

For a demonstration 

or more information, call, 
toll-free, (800) 356-0701. 
Within Wisconsin: (608) 
868-7631. Or write The 
Burdick Corporation, 
Milton, Wisconsin 5356% 







ar 
2 
ty 


, 


BURDIC 








CONTENTS 


 — UU EN 


EXPERIMENTAL STUDIES 


853 Experimental Myocardial Infarction. XII. Dynamic Changes in Segmental Mechanical Behavior of 
infarcted and Noninfarcted Myocardium 


PANTEL S. VOKONAS, FAROUK A. PIRZADA and WILLIAM B. HOOD, Jr. 


The degree of systolic aneurysmal bulging in infarcted myocardium in dogs, although initially great, resolves 
within 6 hours but the aneurysmal contour is retained. This finding is consistent with either partial return of 
contractility or diminished local compliance of the zone of infarction, probably the latter. The fixed increase in 
end-diastolic segment length suggests that ‘‘stress-relaxation’’ occurs in the infarcted region. 


860 Beneficial Effect of Lidocaine on Ventricular Electrical Stability and Spontaneous Ventricular 
Fibrillation During Experimental Myocardial Infarction 


JEFFREY S. BORER, LURA A. HARRISON, KENNETH M. KENT, RICHARD LEVY, 
ROBERT E. GOLDSTEIN and STEPHEN E. EPSTEIN 


In these dog studies, lidocaine administered to achieve blood levels of 1.2 to 5.5 ug/ml before acute coronary 
occlusion immediately decreased mortality and significantly reduced the incidence of ventricular fibrillation 
early after coronary occlusion. These results support the value of this agent for intramuscular self-administra- 
tion by high risk patients during the early or prehospital phase of acute myocardial infarction. 


METHODS 


864 Combined Hemodynamic Ultrasonic Method for Studying Left Ventricular Wall Stress. Comparison 
with Angiography 


BRUCE R. BRODIE, LAMBERT P. McLAURIN and WILLIAM GROSSMAN 


This new ultrasonic method to measure left ventricular wall stress, developed and validated by comparison 
with an angiographic reference standard, permits the continuous study of meridional wall stress and its re- 
sponse to serial interventions. Agreement between angiographic and ultrasonic methods was excellent in each 
subject. 


871  Force-Velocity-Length Relations in Man Expressed by a Single Hemodynamic Expression: The 
Ejection Rate of Change of Power at Peak Tension 


PAUL D. STEIN and HANI N. SABBAH 


These experiments show that the ejection rate of change of ventricular power measured at peak tension is a 
single and slightly discriminating hemodynamic indicator of ventricular performance. This function bears a spe- 
cifically meaningful relation to contractile characteristics of muscle fibers, namely, velocity of muscle shorten- 
ing, tension and force. 


878 Definition of Myocardial Perfusion by Continuous Infusion of Krypton-81m 


ERVIN KAPLAN, LEWIS W. MAYRON, ARNOLD M. FRIEDMAN, JAMES E. GINDLER, LEON FRAZIN, 
JOHN M. MORAN, HENRY LOEB and ROLF M. GUNNAR 


Preliminary studies on the definition of myocardial perfusion by continuous infusion of Krypton-81m in open 
chest dogs suggest that the system and technique are applicable to human subjects. Owing to the very short 
half-life of the radionuclide (13 seconds), experiments can be sequentially repeated at brief intervals. The ra- 
diation hazard is minimal. 
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There are alot of ways to say stable 
when you re dealing with nitroglycerin. 
Thats why the testing of Nitrostat /nc/udes tests 
to simulate, as closely as possible, the actual conditions 
of use. | 
For example. we test for wickability—a Parke-Davis 
test (the time in seconds required for water to wet the 
tablet completely by capillary action under controlled 
conditions) to simulate under-the-tongue conditions 
Heat-stable? Yes. Up to 45 C (113 F), considerably 
higher than vest pocket temperatures. 


T-10587. Stored at 45 C (113 


BERERA DE 


HHH 
*Fusari SA: Data on file. Parke, Davis & Company 
ar for the 0.4-mg and the 0 6-mg strengths.) 
Potency and Content Uniformity? The average assay 
still shows almost 100% of label claim more than 30 
months after manufacture. Whats more, the crucial 


For the 
“ultimate test” of 
Stability... 


prescribe a 
nitroglycerin with 
proot of stability. 


question of maintenance of content uniformity of nitro- 
glycerin is answered by Nitrostat as proved by assay: 
less chance of your patient taking a superpotent or, more 
important, a subpotent tablet. 

Disintegration? We test it using the USP test in 800 
ml of water. All tablets usually disintegrate within 30 sec- 
onds (USP limit = 2 minutes). 

Dissolution? Using NF Method IL, we show greater 
than 9076 dissolution in 30 seconds. 

Now, each factor taken by itself may not be decisive. 
But taken together, they add up to a good reason to 
prescribe Nitrostat. 


Nitrostat 


(nitroglycerin tablets, USP 


0.3 mg (1/200 gr) — 0.4 mg (1/150 gr) — 0.6 mg (1/100 gr) 


sublingual tablets 
stabilized formula 


Available in bottles of 100 
and Convenience Packs of 25 


PAR KE-DAVI S PARKE, DAVIS & COMPANY. Detroit, Michigan 48232 
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REPORTS ON THERAPY 


885 Coronary Artery Bypass Surgery for Left Main Coronary Artery Disease 


DAVID R. McCONAHAY, DUNCAN A. KILLEN, BEN D. McCALLISTER, MALCOLM ARNOLD, 
WILLIAM A. REED, JAMES E. CROCKETT and HUBERT H. BELL 


This uncontrolled study of coronary artery bypass surgery for left main coronary artery disease in 146 consec- 
utive patients suggests that direct myocardial revascularization may improve the quality and duration of life in 
such patients. Abnormal preoperative exercise stress tests became normal after surgery in 74 percent of pa- 
tients having such tests before and after operation. 


890 Internal Mammary Artery Bypass Graft in Reoperative Myocardial Revascularization 
FLOYD D. LOOP, NESTOR R. CARABAJAL, PAUL C. TAYLOR and MANUEL J. IRARRAZAVAL 


The internal mammary artery bypass graft is a valuable alternative to the saphenous vein bypass in patients 
below the age of 65 with small coronary vessels, previous vein graft failure or progressive coronary athero- 
sclerosis when there are angiographic and symptomatic indications for reoperation. 


896  Unstable Angina Pectoris: National Cooperative Study Group to Compare Medical and Surgical 
Therapy. I. Report of Protocol and Patient Population 


R. O. RUSSELL, R. E. MORASKI, N. KOUCHOUKOS, R. KARP, J. A. MANTLE, C. E. RACKLEY, 

. RESNEKOV, R. E. FALICOV, J. AL-SADIR, H. BROOKS, C. E. ANAGNOSTOPOULOS, J. LAMBERTI, 
. WOLK, W. GAY, T. KILLIP, P. EBERT, R. ROSATI, N. OLDHAM, B. MITTLER, R. PETER, 

. CONTI, R. S. ROSS, R. K. BRAWLEY, G. PLOTNICK, V. L. GOTT, J. S. DONAHOO, 

. BECKER, A. M. HUTTER, Jr., R. W. DeSANCTIS, H. K. GOLD, R. C. LEINBACH, 

. MUNDTH, M. J. BUCKLEY, W. G. AUSTEN, M. HODGES, T. L. BIDDLE, J. A. DeWEESE, 

. YU, J. SCHROEDER, E. STINSON, J. SILVERMAN, V. WILLIAM, J. CORNFIELD, T. J. REEVES, 
. FROMMER, E. KAPLAN, J. P. GILBERT and J. NEWELL 


Pe OLET 
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On the basis of the 150 patients with unstable angina pectoris enrolled so far in this cooperative prospective 
randomized trial it is anticipated that enough subjects will have been entered into the trial within the next 12 
months to determine the superiority of medical or surgical therapy in the acute stages of this disorder. The de- 
sign of this randomized trial is compared with that of another reported study. 
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903  Multivariate Prediction of Coronary Heart Disease During 8.5 Year Follow-Up in the Western 
Collaborative Group Study 


RAY H. ROSENMAN, RICHARD J. BRAND, ROBERT |. SHOLTZ and MEYER FRIEDMAN 


Ischemic heart disease occurred in 257 of 3,154 employed men aged 39 to 59 years during 8.5 years of fol- 
low-up. The incidence of coronary heart disease was significantly associated with serum cholesterol level, 
type A behavior pattern, cigarette smoking and systolic blood pressure in younger and older men and also with 
age and corneal arcus in the younger men. 

Continued on page A21 


where straining at stool may be hazardous 


Effectively help avoid straining 
Clinicians have recommended that SENOKOT laxatives be used routinely to avoid constipation in cardiac 
patients, as a possible means of reducing deaths and accidents due to straining at stool.! Routine use of 
SENOKOT laxatives for cerebrovascular patients has also helped prevent effects of excessive straining which 
may lead to transient cerebral ischemia in the elderly.? 


Flexible, individualized dosage 

SENOKOT Tablets/Granules permit dosage adjustment for regular 
and comfortable evacuation, according to patient requirements. A gen- 
tle, predictable overnight laxative, SENOKOT preparations are usu- 
ally free of side effects at proper dosage levels. With their virtually 
colon-specific action,s SENOKOT Tablets/Granules are compatible 
with other medication patients may be taking. 


















References: 1. McGuire, J., et al, cited in Exton-Smith, A. Norman: Constipation in 
Geriatrics, in Management of Constipation, edited by Sir Francis Avery Jones and 
Edmund W. Godding, Oxford, Blackwell Scientific Publications, 1972, p. 162. 2. 
Halpern, A., et al, cited in Exton-Smith, A. Norman, ibid. 3. Godding, E. W.: 
Therapeutic Agents, in Management of Constipation, op cit (ref. 1), p. 65. 
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Overriding Tricuspid Valve: Echocardiographic and Angiocardiographic Features. Eight Cases of 
Ventricular Septal Defect of Atrioventricular Canal Type 


MICHAEL A. LaCORTE, KENNETH E. FELLOWS and ROBERTA G. WILLIAMS 


Overriding of the tricuspid valve was diagnosed accurately during life by echocardiography and selective left 
ventricular angiography. The electrocardiogram in the cases with dextroposition was characterized by dimin- 
ished right ventricular forces, left ventricular hypertrophy and a superior leftward frontal plane axis. The echo- 
cardiogram in seven of the eight cases showed a septal leaflet of the tricuspid valve opening posterior to the 
septum into the left ventricle. A left ventricular injection in the left anterior oblique projection showed in dias- 
tole the negative silhouette of the tricuspid valve straddling the interventricular septum. 


CASE REPORTS 


920 Acute Coronary Embolism Complicating Bacterial Endocarditis: Operative Treatment 


923 
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JAMES F. PFEIFER, MARTIN J. LIPTON, JAMES H. OURY, WILLIAM W. ANGELL and 
HERBERT N. HULTGREN 


Selective coronary arteriography proved useful in diagnosing an acute embolus arising from an infected aortic 
valve and led to its surgical removal from the left anterior descending coronary artery in a 48 year old laborer 
at the time of aortic valve replacement. Repeated paravalvular leaks after surgery worsened the patient's clini- 
cal condition and resulted in death. 


Repetitive Myocardial Ischemia of Prinzmetal Type Without Angina Pectoris 
MAURIZIO GUAZZI, MARIA T. OLIVARI, ALVISE POLESE, CESARE FIORENTINI and FABIO MAGRINI 


In this 46 year old man without angina pectoris repetitive ST-T segment elevations in the precordial electrocar- 
diographic leads and hemodynamic changes demonstrated that Prinzmetal's angina can occur in the absence 
of clinical angina pectoris. 


Pulmonary Varix Regression After Mitral Valve Replacement 
IRENE HSU, GEORGE A. KELSER, PAUL C. ADKINS and MICHAEL M. SHEFFERMAN 


Two years after successful mitral valve replacement a pulmonary varix became radiographically invisible in a 
middle-aged woman with rheumatic mitral regurgitation. 


Myotonia Dystrophica. Ventricular Arrhythmias, Intraventricular Conduction Abnormalities, 
Atrioventricular Block and Stokes-Adams Attacks Successfully Treated With Permanent Transvenous 
Pacemaker 


STEPHEN D. CLEMENTS, Jr.; RUDOLF A. COLMERS and J. WILLIS HURST 
A permanent transvenous pacemaker successfully controlled the high degree atrioventricular block and multi- 


ple ventricular arrhythmias in a 49 year old man with familial myotonia dystrophica and Stokes-Adams attacks. 
Cardiac manifestations may sometimes precede significant skeletal muscle involvement in this disorder. 


EDITORIALS 


936 Coronary Arterial Spasm: Culprit or Bystander? 


ROBERT A. CHAHINE, and ROBERT J. LUCHI 
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ould Statham P23 ID Pressure Transducer — 


If it were your blood pressure, would you 
accept less than Gould Statham? 





The Gould Statham Model P23 ID Add the Disposable Diaphragm 
Transducer is the culmination of Dome to the P23 ID or most other 
nearly 30 years of leadership in units in the P23 series and you 


the medical transducer field. 

The P23 ID has dependable 
electrical isolation that assures 
patient safety and is uncondition- 
ally guaranteed against damage 
from defibrillator or electrocautery 
use. All this plus stable, accurate 
performance in such applications : 
as arterial, venous and wedge Dee a Seg 
pressure measurements. 














have an impressive combination 
working for you: performance and 
safety with less overall cost. 

For more information on the 
P23 ID, Disposable Diaphragm 
Domes, and an outstanding oppor- 
tunity to upgrade your transducer 
inventory through a generous 
trade-in program, write Medical 
Transducer Sales Manager, Gould 
Inc., Statham Instruments Division 
2230 Statham Boulevard, 
Oxnard, CA 93030. 
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Coronary Arterial Spasm in Prinzmetal's Angina: A Proved Hypothesis 
JOSE MELLER, AUGUSTO PICHARD and SIMON DACK 


BETHESDA CONFERENCE REPORT: CARDIOLOGY MANPOWER 


Participants 


Foreword: Introduction and Charge to the Conference 
WALTER H. ABELMANN 
The aim of this Conference is to review the results of the recently completed evaluation of cardiology training 


and manpower requirements, to discuss the validity and adequacy of the techniques used, the geographical 
distribution of cardiologists, and the applicability of the study as a model for other manpower studies. 


Methodology of the Cardiology Manpower Study 
STEPHEN ABRAHAMSON 


This report reviews the objectives and problems of the cardiology manpower project and of the four studies 
completed between July 1971 and June 1973: the cardiologists' screening questionnaire, the log-diary, ques- 
tionnaire on cardiology training programs and questionnaire on previous cardiology training. 


Results of the Cardiology Manpower Study 
FORREST H. ADAMS 


These data estimate the present and future manpower needs for cardiologists, describe the current practice of 
cardiology, identify deficiencies in existing training programs and project the future activities of cardiologists. 


The Federal Role in Health Manpower: A New Proposal 
JAMES F. DICKSON Ill 


The changing nature of the health manpower problem demands a significant change in federal policy and in 
the way federal funds will be used to support and influence health training and career decisions of health care 
providers. Here is the federal blueprint for tomorrow's health programs. 


Keynote Address: Manpower for Cardiology: No Easy Answers 
ELI GINZBERG 


This provocative address by an eminent health economist explodes some of the myths that plague health man- 
power concepts and suggests some answers, if not solutions. It is imperative to involve the public in the cur- 
rent debate over the future of medicine, and cardiologists are advised to increase their interactions with the 
American public. 


d 959 Task Force I: Review and Critique of Cardiology Manpower Study 


Study of cardiac care given by physicians other than cardiologists and totally unmet needs for care are impera- 
tive. Policy issues concerning the skills required for care, training needs for noncertified cardiologists and so- 
lutions to geographic maldistribution problems require additional data and analysis. 

Continued on page A24 
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Task Force Il: Distribution of Cardiologists: Significance of Delivery of Cardiovascular Health Care 
The demand for cardiologists will increase substantially as a result of the increasing proportion of older people 
in the population of the United States. Projections to the year 2000 show an annual increase of 300,000 to 
400,000 persons aged 65 years and over. It is crucial that the practicing cardiologist participate in profession- 


al educational programs that increase the level of sophistication of primary care physicians and their ability to 
handle cardiovascular disease. 


Task Force Ill: Education and Training to Meet Cardiovascular Health Manpower Needs 
Health care delivery needs cannot be met unless all physicians undertaking primary care responsibilities can 
manage effectively the common cardiovascular diseases, their clinical presentations, their basic diagnostic 


and therapeutic requirements and cardiovascular emergencies. Subspecialty training should not begin until 3 
postgraduate years in general internal medicine have been completed. 


Task Force IV: Evaluation of Professional Competence 
Formal recertification examination is not recommended at present. Evidence of continuing education through 


personal reassessment, self-assessment examinations and participation in continuing education programs will 
allow the certified graduates of accredited training programs to maintain their high standards of medical care. 


Task Force V: Efficacy of Cardiovascular Manpower Utilization 


This task force recommends that the number of cardiovascular trainees be reduced to produce about 300 
trained cardiologist consultants per year and that the number of cardiovascular training programs be sharply 
curtailed. 


Task Force VI: Evaluation of Quality of and Access to Cardiovascular Care 


Methods currently available for assessment and maintenance of quality of care are judged deficient. Compe- 
tency of primary care physicians in cardiovascular medicine is a key factor in improving access to care. 


Summing Up 
WALTER H. ABELMANN and FORREST H. ADAMS 


SPECIAL DEPARTMENTS 


Reviews in Cardiology 


American College of Cardiology News 


It's about time. Half the time it takes other scanners to 
scan a 24-hour DCG. And the Avionics 660A Electrocardio- 
scanner? gives you more information. Automatically. 

The 660A aives you the diagnostic advantages of analyzing 
2 DCG leads simultaneously while quantitating Ventricular 
Ectopic Beats, Supraventricular Ectopic Beats, Demand 
Pacemaker Beats, Total Heart Beats, and documenting them 
hourly on a trend of Heart Rate and ST-Segment Levels — all 
correlated with exact patient time. And when the 660A is 
interfaced with the new Avionics 680 DCG Data Terminal, 
each hour of selected DCG Data is further analyzed, computed 
and teleprinted automatically every 30 seconds On-Line 
. during the trending. After the trend, the 660A rewinds itself, 
then proceeds through the tape automatically writing out 
operator-selected abnormalities in 2 channels of real-time ECG. 

The ease of operation of these Avionics Scanning Systems 
is geared to your operation. And they not only scan and 
quantitate information from our “New Baby” the 445 Mini- 
Holter Recorder, but every recorder Avionics has produced all 
the way back to our first in 1963. 


See you at the Conference on Ambulatory Monitoring. 
Hyatt Regency Atlanta, May 20-21, 1976 


_ 24 hours real-time 
in 12 minutes reel-time. 









So if you want to know more about the new Avionics 6 
Electrocardioscanner, 680 DCG Data Terminal and 445 
Mini-Holter Recorder, and how they can turn your real-time 
into reel-time, give us a call at (714) 549-1500. Or clip and 
mail the coupon to: Avionics, a division of Del Mar Engineer 
1601 Alton Avenue at Redhill, Irvine, Ca. 92714. 


L] Please send me more information on the Avionics 
660A Electrocardioscanner, 680 DCG Data Terminal. and 
445 Mini-Holter Recorder. 


O Send the literature, and schedule me for a visiting demonstration. 
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100 mg. every 5 minutes 2-6 mg. per minute 
until arrhythmia suppressed (Wyman, MG, Hammersmith L: 
(up to a maximum dose of 1 gram) Amer J Cardiol 


» 33:661-667. 197 
to be administered at a rate 3:661-667, 1974) 


not exceeding 25 to 50 mg./minute. 


For ventricular arrhythmias 
especially following M. I. 


‘The Priceless Ingredient of every product 
is the honor and integrity of its maker.'TM 


antiarrhythmic success. 
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ainamide Hydrochloride ERER U. s. P.) 


Description: Pronestyl injection (Procainamide Hydrochloride Injection 
U.S.P.) is a sterile aqueous solution providing 100 mg. or 500 mg. pro- 

X. Gainamide hydrochloride per ml. The 100 mg./ml. potency contains 0.9% 
' (w/v) benzyl alcohol and 0.09% sodium bisulfite as preservatives, The 500 
y des mg./ml. potency contains 0.1% methylparaben and not more than 0.2% 
— . Sodium bisulfite as preservatives. 


si _Contraindications: In patients with myasthenia gravis and where a hyper- 
ah oF sensitivity to procainamide exists; cross sensitivity to procaine and related 
drugs must be borne in mind. Should not be given to patients with com- 

plete atrioventricular heart block. Contraindicated in cases of high-degree 
-A-V block unless an electrical pacemaker is operative. 
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^ Precautions: Evidence of untoward myocardial response should be care- 
^. fully watched for in all patients. In the presence of myocardial damage, 
~ — procainamide may produce untoward responses. In atrial fibrillation or 
— — flutter, the ventricular rate may increase suddenly as the atrial rate is slowed; 
>- — adequate digitalization reduces but does not abolish this danger. If myo- 
We. cardial damage exists, ventricular tachysystole is particularly hazardous. 
Koc FRO dislodgement of mural thrombi producing an embolic episode may 
- occur in correcting atrial fibrillation due to the forceful contractions of 
E -the atrium. 

ou " Extreme caution is required in attempting to adjust the heart rate when 
‘eee ventricular tachycardia has occurred during an occlusive coronary episode 
.  — or where the use of procainamide may result in additional depression of 
L* .. conduction and ventricular asystole or fibrillation as in A-V block, bundle 
TN . branch block, or severe digitalis intoxication. 

Parenteral administration should be monitored electrocardiographically 
-whenever practicable. Parenteral administration should be discontinued 
R ` at once if electrocardiograms give evidence of impending heart block. This 
complication should be kept in mind when treating ventricular arrhythmias 
—. (especially parenterally) in patients with severe organic heart disease and 

ventricular tachycardia who may also have complete heart block. Since 

asystole may result if the ventricular rate is significantly slowed without at- 

-tainment of regular atrioventricular conduction, procainamide should be 
| ET stopped and the patient re-evaluated. 
lors j In the presence of both liver and oT aay damage, normal dosage may 
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ECA à die syndrome resembling lupus erythematosus has been reported with 
maintenance procainamide therapy. Common symptoms are polyarth- 
E ralgia, ,arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion 
E .. andpericarditis may also occur. Rare cases of thrombocytopenia or Coombs- 
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positive bore diss anemia, possibly related ib this syndrome, have. b 
reported. Measure anti-nuclear antibody titers at regular intervals in pati 
on procainamide for extended periods of time or in whom symptoms ! 
gestive of lupus-like reaction appear; discontinue drug in event of ri: 
titer or Clinical symptoms of LE. Steroid therapy may be effective if disc 
tinuation of procainamide does not cause remission of symptoms. If 
syndrome develops in a patient with recurrent life-threatening arrhythr 
not otherwise controllable, steroid-suppressive therapy may be used ¢ 
comitantly with procainamide. 


Adverse Reactions: Because procainamide is a peripheral vasodil 
IV, administration may produce transient but at times severe hypoten 
particularly in conscious patients. |.M. injection is less likely to cause ser 
falls in blood pressure. Serious disturbances of cardiac rhythm suct 
ventricular asystole or fibrillation are also more common with 
administration. 

A syndrome resembling lupus erythematosus has been reported. 
actions consisting of fever and chills including a case with fever and c 
plus nausea, vomiting, abdominal pain, acute hepatomegaly, and a ris 
SGOT following single doses of the drug have been reported. Bitter t: 
diarrhea, weakness, mental depression, giddiness, psychosis with halluc 
tions, hypersensitivity reactions such as angioneurotic edema and mac 
papular rash have been reported. Agranulocytosis has been occasio! 
reported following repeated use of the drug, and deaths have occur 
therefore, routine blood counts are advisable during maintenance ther 
If soreness of mouth, throat or gums, unexplained fever or any sympt 
of upper respiratory tract infection should occur and leukocyte count: 
dicate cellular depression, procainamide therapy should be discontir 
and appropriate treatment should be instituted immediately. 


Administration: Oral administration is preferred. When parenteral the 
is necessary, intramuscular administration is the method of choice. / 
venous use should be limited to extreme emergencies, the drug shoul 
administered as a dilute infusion, and the patient should be monit 
electrocardiographically. The intravenous dose should not exceed 1 gi 
Administer at a rate not exceeding 25 to 50 mg. per minute. 

Should procainamide therapy be continued for any appreciable pe 
electrocardiograms should be made occasionally to determine its 
ther need. 

The package insert should be read carefully to become familiar witr 
recommended dosage for the indicated conditions. 


How Supplied: Pronesty! Injection (Procainamide Hydrochloride Ír 
tion U.S.P.) is available in 10 ml. vials providing 100 mg./ml. and in Z 
vials providing 500 mg./ml. 





Re —— PRONESTYL® TABLETS 
 (Procainamide Hydrochloride Tablets) 


E k -| The prolonged administration of procainamide often leads to the de- 


sa bi velopment of a positive anti-nuclear antibody (ANA) test with or without 
t] symptoms of lupus erythematosus-like syndrome. If a positive ANA 
ste | titer develops, the benefit/risk ratio related to continued procainamide 
_ f therapy should be assessed. This may necessitate considerations of 
— -| alternative anti-arrhythmic therapy. 





L Pronestyl Tablets (Procainamide Hydrochloride Tablets) are veneer-coated 
— — tablets providing 250 mg., 375 mg.,and500 mg. procainamide hydrochloride. 
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WA Contraindications: In patients with myasthenia gravis and where a hyper- 
ls — sensitivity to procainamide exists; bear in mind cross sensitivity to procaine 
T and related drugs. Should not be given to patients with complete atrioven- 
‘tricular heart block. Contraindicated in cases of second degree and third 
v d Sowas A-V block unless an electrical pacemaker is operative. 





. preciable Bérioo, electrocardiograms should be made occasionally to deter- 
mine its further need. 


Precautions: Evidence of untoward myocardial response should be care- 
- fully watched for in all patients. In the presence of myocardial damage 
with atrial fibrillation or flutter, the ventricular rate may increase suddenly 
as the atrial rate is slowed; adequate digitalization reduces but does not 
abolish this danger. Ventricular tachysystole is particularly hazardous if 
2j .. myocardial damage exists. 
ji d - The dislodgement of mural thrombi producing an embolic episode may 
,,Occur in correcting atrial fibrillation due to the forceful contractions 
PY n of the atrium. 
i i Van Extreme caution is required in attempting to adjust the heart rate when 
ventricular tachycardia has occurred during an occlusive coronary episode 
. — or where the use of procainamide may result in additional depression of 
conduction and ventricular asystole or fibrillation as in second degree and 
-third degree A-V block, bundle branch block, or severe digitalis intoxication. 
Es Bear in mind when treating ventricular arrhythmias in patients with severe 
| organic heart disease and ventricular tachycardia that complete heart block, 
^— which may be difficult to diagnose, may be present. Since asystole may 
result if the ventricular rate is significantly slowed without attainment of 
regular atrioventricular conduction, procainamide Should be stopped and 
the patient re-evaluated. 
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In the presence of both liver and kidney damage, normal dosage | 
produce symptoms of overdosage — principally ventricular tachycardia 
severe hypotension. 

A syndrome resembling lupus erythematosus has been reported 
maintenance procainamide therapy. Common symptoms are polyarthra 
arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural effusion 
pericarditis may also occur. Rare cases of thrombocytopenia or Coon 
positive hemolytic anemia, possibly related to this syndrome, have E 
reported. Measure anti-nuclear antibody titers at regular intervals in pati 
on procainamide for extended periods of time or in whom symptoms : 
gestive of lupus-like reaction appear; in event of rising titer (anti-nuclear | 
body) or clinical symptoms of LE, assess the benefit/risk ratio relate 
continued procainamide therapy (see boxed Warning). Steroid therapy | 
be effective if discontinuation of procainamide does not cause remis: 
of symptoms. If the syndrome develops in a patient with recurrent 
threatening arrhythmias not otherwise controllable, steroid-suppres 
therapy may be used concomitantly with procainamide. 

Adverse Reactions: Hypotension is rare with oral administration. Ser 
disturbances of cardiac rhythm such as ventricular asystole or fibrilla 
are more common with I. V. administration. 

Large oral doses may sometimes produce anorexia, nausea, urtici 
and/or pruritus. 

A syndrome resembling lupus erythematosus has been reported | 
Precautions). Reactions consisting of fever and chills have been repor 
including a case with nausea, vomiting, abdominal pain, acute hepatomec 
and a rise in serum glutamic oxaloacetic transaminase following sii 
doses of the drug. Agranulocytosis has been occasionally reported follov 
repeated use of the drug, and deaths have occurred. Therefore, rot 
blood counts are advisable during maintenance procainamide therapy; 
the patient should be instructed to report any soreness of the mouth, thr 
or gums, unexplained fever or any symptoms of upper respiratory t 
infection. If any of these symptoms should occur and leukocyte count: 
dicate cellular depression, procainamide therapy should be discontin 
and appropriate treatment should be instituted immediately. Bitter tz 
diarrhea, weakness, mental depression, giddiness, psychosis with halluc 
tions, and hypersensitivity reactions such as angioneurotic edema 
maculopapular rash have been reported. 

The package insert should be read carefully to become familiar 
the recommended dosage for the indicated conditions. and for full | 
scribing information. - 

How Supplied: Pronestyl Tablets LV Qaia ide Hydrochloride Tabl 
providing 250 mg., 375 mg., and 500 mg. are available in bottles of 1 
pene 27e ma. and 500 mg. tablets are also available in bottles of 1000. 
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ISORDIL TEMBIDS Capsules 


lisosorbide dinitrate] 


SUSTAINED ACTION CAPSULES, 40 mg 












provide 8 to.10 hours-of sustained effect 
in the prophylaxis of angina pectoris" 


Isordil Tembids Capsules offer 
a convenient maintenance 
regimen for round-the-clock 
protection against attacks of 
angina pectoris. Because of 
their sustained action they 
are especially useful in the 
treatment of nocturnal an: 
gina. The frequently satisfac- 
tory.-b.i.d. dosage regimen: en- 
coürages patient compliance. 


*Indicatións: Based on a review of this drug by the 
National Academy of Sciences— National Research 
Council and/or other information, FDA has classified 
the indication aS-follows: 

"Possibly effective: When taken by the oral route, 
Isordil is indicated for the relief of angina pectoris 
(pain ofCoronary artery disease)alt is not intended to 
abort the acute anginalepisode, but is widely regarded 
as useful in the'prophylactic treatment of angina pectoris: 


WFinal classification of the less-than-effective indications 
requires further investigation. | 


Contraindication: Idiosyncrasy to this drug. 
Warnings: Data me ang the-Use of nitrites during the early 
days of the acute phase.of myocardial infarction (the period 
during Which clinical and laboratory findings are unstable) are 
insufficient to establish safety. 
Precautions: Tolerance to this drug and cross-tolerance to other 
nitrites and nitrates may occur. 
Adverse Reactions: Cutaneous\vasodilation with flushing. Head- 
ache is common and may be severe and persistent. Transient 
episodes of dizziness and weakness às well as other Signs of gere- 
bral ischemia associated with postural hypotension may occasion. 
ally develop. This drug can act as a physiological antagonist fo 
norepinephrine, acetylcholine, histamine, and many other agents: 
An occasional individualexhibits marked sensitivity to the hypoten- 
sive effects of nitrite, and severe.responses (nausea, vomiting, weak- 
ness, restlessness) pallor, perspiration and Collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance-this effect. 
* Drug rash and/or exfoliative dermatitis may oceasionally occur: 
Dosage: Every 6 to 12 hours according to need. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information 
and/or professional samples? 
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New York, New York 10017 


DEDICATED TO IMPROVING THE QUALITY OF LIFE 
THROUGH MEDICINES 


know the pattern of post-MI "good 
intentions" all too . When a car- 
diac patient starts Ming better, all 
the years of good living and bad 
habits creep back into his lifestyle. 
And his chance for an active, healthy 
future shrinks as his waistline 
expands. 

Its a problem of conditioning 
and your good counsel alone may not 
be enough to break the habits of a 
lifetime. 

But a Cardiac Treatment 
Center? can. 

A CT Center is a profes- 
sionally staffed, fully equipped unit 
which develops the new, healthy 
habits you prescribe for your patient 
and conditions your patient so those 
new habits become a permanent part 
of his daily routine. 

Cardiac Treatment Centers? 
directed by physicians, improve the 
quality of life for heart attack victims 
and post surgical patients through 
physician-prescribed exercise therapy 
monitored by advanced telemetry 
systems and supervised by Nurse- 
Therapists. 

A typical CT Center staff 
consists of one or more Nurse- 
Therapists and a secretary. The CT 
Center is supervised by a local 
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Mark 16/35 
Cine-Fluorographic 
Film Processor 


For the highest quality films without artifacts. 
Theater quality 1s assured. 








The Mark 16/35 production 
processor automatically processes 
diagnostic cine-fluorographic films 
to secure full tonal reproduc- 
tion and complete clarity. 
Adjustable speed and 

temperature controls 

permit selection of 

proper parameters for 

desired density, gamma, 

and acutance. True 
quality control is simple 
and repeatable. Fully 
adjustable controls let you use 
standard or "hot" developing 
solutions. The Mark 16/35 is 
shipped complete — no accessories 
are required. 

It is constructed of 316L 
stainless steel inside and out for 
years of maintenance-free 
operation. The Mark 16/35 is 
daylight operated and is portable. 

Processing is at 25 feet per 
minute. Capability to 60 feet per 
minute. Dry-to-dry. Anyone can 
learn to operate it in an hour's 
time. It's that easy. 

For complete details 
contact us or your nearest Oscar 
Fisher dealer. 
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OSCAR FISHER CO., INC. 


F.O. BOX 2305 / NEWBURGH, N.Y. 12550 
TELEPHONE (914) 562-3900 

All equipment manufactured by Oscar Fisher 
Company, Inc., is on GSA Contract. 
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MONITORING. 
UNCOMPLICATED. 


"DATASCOPE 
TYPE P2 
PRESSURE MODULE 


~ 
da nar 


The Swan-Ganz* Catheter 
simplified monitoring. It took 
you out of the cath lab and into 
ICU/CCU. 

The Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we've simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 


unique movable reference trace. 


It makes reading the pressure 
changes much easier, much 


ALAS 


TYPE L PHYSIOLOGICAL ALARM 


cw 
> 


DANGER--POSSIBLE EXPLOSION HAZARD IF USED IN, 


THE PRESENCE OF FLAMMABLE ANESTHETICS um 


faster, much more accurate. 

And once the catheter has 
been passed, we ve simplified 
the job of monitoring. In fact, 
we ve taken it to the point where 
the nursing staff can handle it 
without any assistance. 

If you've gotten used to big, 
bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 

Its extremely light, and com- 
pact. It easily fits at bedside. 

And it's portable. You can 
move it where you need it, 





when you need it. 

So you don't have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
it, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONITOR GROUP 


Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 
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In mild to moderate 
hypertension 


Catapres 
(clonidine HCI) 


Catapres can make a diuretic 
look good. 


When more than a diuretic is needed, adding Catapres 
usually lowers blood pressure more.' 


You can add Catapres to 
Catapres to get pressure down 
near normal. 


Wide therapeutic dosage range — 0.2 mg to 2.4 mg* 
daily. Catapres may be all you need to reach 
near-normal levels. 


*Doses as high as this have rarely been employed. 


Catapres usually doesn't add a 
lot of problems. 


The most common side effects — dry mouth, drowsiness, 
sedation — generally tend to diminish with time. When 
stopping Catapres, reduce dosage gradually over two 
to four days to avoid a possible rapid rise in pressure. 





Please see next page of advertisement for 
a brief summary of the prescribing information including 
precautions, warnings, and adverse reactions. 





Hypertension through the lens of 
Lennart Nilsson. The photographic 
genius of Lennart Nilsson has revealed 
extraordinary details of the human 
organism. Now, Boehringer Ingelheim 
has commissioned an exclusive series 
of photographs by Nilsson depicting 
hypertensive damage. This series, 
presented in the interest of continuing 
medical education, vividly records the 
progression of an insidious disease. 





In mild to moderate hypertension 


The Catapres Potential: 
blood pressure not just down, 
but down near normal 


Catapres......... 


(clonidine HCl) 
Start with Catapres when a As an integral part of their overall long-term care, 


papos treated VER oe (clonidine ete 

j ie i 1 should receive periodic eye examinations. While, 

diu retic IS wrong for your patient except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 


i i with Catapres (clonidine hydrochloride), in several 
A d Catapres when a diuretic studies the drug produced a dose-dependent increase 


5 in the incidence and severity of spontaneously occur- 
alone doesn t let you reach ring nM degeneration in albino rats treated for 
6 months or longer. 
i near-normal pressure Adverse Reactions: The most common reactions are 


dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported. 
Catapres® Generally these effects tend to diminish with continued 
I " hydrochloride) therapy. The following reactions have been associated 
ar rod Toc 02 with the drug, some of them rarely. (In some instances 
ablets of 0.1 mg and 0.2 mg an exact causal relationship has not been established.) 


Indication: The drug is indicated in the treatment of These include: Anorexia, malaise, nausea, vomiting, 
hypertension. As an antihypertensive drug, Catapres parotid pain, mild transient abnormalities in liver func- 
(clonidine hydrochloride) is mild to moderate in potency. tion tests; one report of possible drug-induced hepa- 
It may be employed in a general treatment program titis without icterus and hyperbilirubinemia in a patient 
with a diuretic and/or other antihypertensive agents receiving clonidine hydrochloride, chlorthalidone, and 
as needed for proper patient response. panavaning Hipo trh Weight gain, i: e eges 
A ; ; tion of blood glucose, or serum creatine phosphokinase: 
cose Ao pel ccuinsiion stineone paums congestive heart failure, Raynaud's phenomenon; vivid 
Usage in Pregnancy: In view of embryotoxic findings in dreams or nightmares, insomnia, other behavioral 
animals, and since information on possible adverse changes, DP ALIE restlessness, anxiety and mental 
effects in pregnant women is limited to uncontrolled depression. Also ras ird cei athe NS edema, hives, 
clinical data, the drug is not recommended in women urticaria, thinning of the hair, pruritus not associated 
who are or may become pregnant unless the potential with a rash, impotence, urinary retention, increased 
benefits outweigh the potential risk to mother and fetus. Sensitivity to war es a Pleat pong. burning of the 
Usage in Children: No clinical. experience is available Pyes annama oft itive C dece pallor, gyneco- 
with the use of Catapres (clonidine hydrochloride) in mastia, weakly positive Coombs test, asymptomatic 
children. electrocardiographic abnormalities manifested as 


Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somno- 
lence, diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 

5 years of age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses of 


Precautions: When discontinuing Catapres (clonidine 
hydrochloride), reduce the dose gradually over 2 to 

4 days to avoid a possible rapid rise in blood pressure 
and associated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting 
se ade he Agi ji ge of perte encepha- 
opathy and death have been recorded after cessation 10 mg at 30-minute intervals usually abolishes all ef- 
of clonidine hydrochloride therapy. A causal relation- fects of Catapres (clonidine hydrochloride) overdosage. 
ship has not been established in these cases. It has 


been demonstrated that an excessive rise in blood pres- How Supplied: Catapres, brand of clonidine hydro- 


sure, should it occur, can be reversed by resumption chloride, is available as 0.1 mg (tan) and 0.2 mg 

of clonidine hydrochloride therapy or by intrave- (orange) oval, single-scored tablets in bottles of 100. 
nous phentolamine. Patients who engage in poten- . For complete details, please see full prescribing 
tially hazardous activities, such as operating machinery information. i , 

or driving, should be advised of the sedative effect. Under license from Boehringer Ingelheim GmbH 


- This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 


should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction, Boehringer Ingelheim Ltd. 


Reference: 1. Data on file at Boehringer Ingelheim Ltd. 


cerebrovascular disease or chronic renal failure. Elmsford, New York 10523 





d TONG is NT caffein Hee and 100% pure coffee, with 
_ the taste your patients have come to enjoy. 
Even more important, from a medical point of view, 
itis ideal for patients who benefit from diets low in 
sodium (only 0.3 mg. per cup)* and high in potassium 
(a full 90 mg. per cup)* 
In order to help you and your patients discover the 
benefits of drinking America’s third largest-selling 


*Coffee is naturally low in sodium and high in 
potassium. There are 15 milligrams of so- 
dium in each 100 grams of Freeze-Dried 
Instant SANKA* brand decaffeinated 
coffee. Each 2 grams (the usual serv- 
ing per6fl. oz. cup) contains 90 milli- 
grams of potassium and only O.3 

milligrams of sodium. All milli- 

gram figures are researched 

approximates 


soife ES S by 18 mimos j)eop e at 
away from home virtually avenha 
prepared a FREE physician's sample ut ty 
find 10 patient-information folders, explaining the 
advantages of restricting caffein intake and conta | 53 
two sample packets of SANKA” brand decaffein ated d uT * 
coffee plus a 50€ refund certificate toward their A 
first purchase...and for you, an informative brochure, 
The “No Coffee” Edict, a physician-information solders 
containing two sample packets, and a certificate 5 | 
entitling you to a complimentary four-ounce jar. 
























Why his physician 
chose a 
CPI Pacemaker 


Because, of the three major pacemaker 
companies, CPI is No. 1 in /ithium. A 
proven pacemaker power source that has 
experienced no battery failures in over 
60 months of in vitro testing; in over 3 
years of clinical use; in over 10,000 
implants. Specialized hybrid circuitry and 
exacting quality assurance contribute 

to a drastically-reduced failure rate 

Body fluid contamination of the pulse 
generator interior is eliminated, due to a 
triple hermetic seal 


The medical benefits: pacemaker 
longevity, dependable reliability, and 
predictable ‘post-operative performance. 
And confidence in the product. That's 
why his physician chose a CPI lithium 
pacemaker. 


... Of the three 

major pacemaker 
companies, 

CPI is No. 4 in lithium. 





| < '& 
CARDIAC PACEMAKERS, INC. 
1140 RED FOX ROAD 
ST. PAUL. MINNESOTA 55112 U.S.A 


TELEPHONE: (612) 483-6741 
CABLE: CARDIAPACE, ST. PAUL/TELEX 29-7049 
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ALL NEW FROM 
LEA & FEBIGER 


M-MODE ECHOCARDIOGRAPHIC 
TECHNIQUES AND PATTERN 
RECOGNITION 


By SONIA CHANG, B.S., Emory Uni- 
versity School of Medicine, Atlanta, 
Georgia. Emphasis is placed on how to 
find and record useful echocardiographic 
motion, technically satisfactory for inter- 
pretation. Individual chapters describe 
manipulative instrumentation, valvular 
motion and ventricular dimensions and 
performance in normal and diseased 
states. Data derived from cardiac 
catheterization and surgery support the 
interpretations. 760 pp., 137 illus., paper- 
back, 1976, $7.00. 





NON-INVASIVE CARDIAC DIAGNOSIS 


Edited and with contributions by 
EDWARD K. CHUNG, M.D., Jefferson 
Medical College of Thomas Jefferson 
University, Philadelphia, Pennsylvania. 
(18 Contributors). All aspects of common- 
ly used non-invasive methods for diag- 
nosis of frequently encountered cardio- 
vascular disorders are concisely dis- 
cussed in this book. The content is 
clinically-oriented and will provide all 
physicians with up-to-date materials 
which will assist them in the daily care of 
patients with common cardiac problems. 
319 pp. (7 X 10), 218 illus., 1976, $18.00. 





THE CONDUCTION SYSTEM OF THE 
HEART: Structure, Function and 
Clinical Implications 


Edited and with contributions by H.J.J. 
WELLENS, M.D., K.I. LIE, M.D., and M.J. 
JANSE, M.D., all of Wilhelmina Gasthuis, 
Amsterdam. (80 Contributors). Carefully 
and comprehensively prepared, the text 
thoroughly covers all aspects of the sub- 
ject. Discussed is present knowledge on 
structure and function of the cardiac 
specialized tissues with emphasis on their 
clinical implications. The practicing cardi- 
ologist will find this to be an invaluable text 
for the complete understanding needed in 
the treatment of patients with cardiac ar- 
rhythmias. 708 pp. (7 X 10), illus., 1976, 
$58.00. 





SURGICAL TREATMENT OF 
CONGENITAL HEART DISEASE 
2nd ed. 


By GRADY L. HALLMAN, M.D., and 
DENTON A. COOLEY, M.D., both of The 
Texas Heart Institute, Houston, Texas. 
Covers all aspects of the subject. Cor tri- 
atriatum, scimitar syndrome, parachute 
mitral valve and other anomalies are de- 
tailed by history, clinical and laboratory 
diagnosis, surgical indications, operative 
technique, complications and results. 
Emphasis is on operative procedure. 
Many illustrations portray and clarify each 
operative technique described. 204 pp. 
(8V2 x 11), numerous illus., 1975, $18.50. 


PROGRESS IN CARDIOLOGY. 4 


Edited by PAUL N. YU, M.D., University of 
Rochester School of Medicine and Den- 
tistry, Rochester, New York; and JOHN F. 
GOODWIN, M.D., Royal Postgraduate 
Medical School, London, England. (17 
Contributors). The fourth in a series de- 
voted exclusively to pertinent, up-to-date 
advances in the field. Discussed here is 
the role of echocardiography in explaining 
heart sounds and murmurs, prolapse of 
the mitral leaflet syndrome, mechanism 
and recognition of digitalis toxicity, etc. 
224 pp. (7 x 10), illus., 1975, $15.00. 


FUNDAMENTALS OF VASCULAR 
RADIOLOGY 


By ROBERT |. WHITE, JR., M.D., Johns 
Hopkins University School of Medicine, 
Baltimore, Maryland. Reviewing all recent 
advances in vascular radiology proce- 
dures, this comprehensive text is explicit 
in showing how to perform a procedure to 
attain the desired information. In-depth 
discussion of angiographic and catheteri- 
zation technics are provided. 157 pp. (7 Xx 
10), illus., 1976, $13.00. 





GUIDELINES FOR GRADED EXERCISE 
TESTING AND EXERCISE 
PRESCRIPTION 


Edited by the AMERICAN COLLEGE OF 
SPORTS MEDICINE, Madison, Wiscon- 
sin. Prepared by the Task Force of the 
Postgraduate Education Committee. This 
book will ensure safe, well-organized, 
philosophically sound, effective and 
efficient graded exercise testing, exercise 
prescription and exercise programs for 
asymptomatic, normal subjects of all 
ages, and for patients with cardio- 
pulmonary disease. 116 pp. (5% x 7%), 
paperback, 1975, $4.00. 


CARDIAC EMERGENCY CARE 


Edited and with contributions by 
EDWARD K. CHUNG, M.D., Jefferson 
Medical College of Thomas Jefferson 
University, Philadelphia, Pennsylvania. 
(18 Contributors). Discusses acute pul- 
monary edema, pulmonary embolism and 
infarction, cardiogenic shock, pre-hospital 
management of acute myocardial in- 
farction, coronary care unit, intermediate 
coronary care unit, tachyarrhythmias, 
bradyarrhythmias, etc. 347 pp., 88 illus., 
1975, $14.50. 


LEA & FEBIGER 


WASHINGTON SQUARE 
PHILADELPHIA, PA. 19106 
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"INDICATIONS — Based on a review of this drug by the National Academy of - 


Science-National Research Council and/or other information, FDA has classi- 
fied the indication as follows: 


"Possibly" effective: For long-term therapy of chronic angina pectoris. Pro- 
longed therapy may reduce the freq uency or eliminate anginal episodes, 


improve exercise tolerance, and reduce nitroglycerin requirements. The drug 
IS not intended to abort the acute anginal attack. 


Final classification of the less-than-effective indications requires further 
investigation. 


CONTRAINDICATIONS — No specific contraindications are known. 


PRECAUTIONS —Since excessive doses can produce peripheral vasodila- 
tion, the drug should be used cautiously in patients with hypotension. 


ADVERSE REACTIONS — Adverse reactions are minimal and transient at 
recommended dosages. Instances of headache, dizziness, nausea, flushing, 
weakness or syncope, mild gastrointestinal distress and skin rash have 

been noted during therapy. Rare cases of what appeared to be an aggravation 
of angina pectoris have been reported, usually at the initiation of therapy. 

On those uncommon occasions when adverse reactions have been persis- 
tent or intolerable, withdrawal of medication has been followed promptly by 
cessation of undesirable symptoms. 


DOSAGE AND ADMINISTRATION — The recommended dosage is 50 mg 

(2 tablets) three times a day, taken at least one hour before meals. In some 
cases higher doses may be necessary but a significantly increased incidence 
of side effects is associated with increased dosage. Clinicai response may 
not be evident before the second or third month of continuous therapy. 


For complete details, please see the full prescribing information. 





Boehringer Ingelheim 
Boehringer Ingelheim Ltd., Elmsford, N.Y. 10523 


Illustrated: Queen of Hearts...from the series 
"Le jeu de Charles VII" created in Lyons, 
France in the second decade of the 16th century. 


The gentlemen of this series had names; the 
ladies bore heroic slogans. This pack honored 
the life of Charles VII (1422-1461). 
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Whats in the cards for the i 
anginal patient? 


For centuries, dealing with the heart's ills has been - 
the subtlest of arts, an intricate shuffling of skill and - 
science. Even today, evaluating a drug for chronic — 
angina pectoris involves the art of medicine as 

well as its science. 


During more than a decade of clinical experience, 
compounding both science and art, Persantine 

has often been found useful in the long-term man- 
agement of chronic angina pectoris.* It may: 


eliminate or reduce the frequency of anginal 
attacks 


improve exercise tolerance 





reduce nitroglycerin requirements 


Give enough...long enough (recommended dos- 
age: 50 mg t.i.d. at least one hour before meals 
for 60 to 90 days or longer). 


Persantine: 


(dipyridamole) Tablets of 25 mg 


non-nitrate — . 
coronary vasodilator 


No symptoms. 
NO SIGNs. i p 
No complaints. 
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Early intervention — 
a rational approach to the 
management of hyperlipidemia 


Reducing elevated lipid levels is a rational therapeutic goal at any stage 

of the icm). cia process. Lipid lowering is perhaps most logical, 

NOVIMUS NET "t however, early in the course of hyperlipid- 
VORNE AU > emia, when most patients are asymptomatic. 


"> Seemingly well, these patients are usually 
~ found to be hyperlipidemic when routine 
cholesterol and triglyceride determinations 
are performed as part of an overall clinical 
and laboratory workup. 


If persistent, clinically significant lipid eleva- 

tions are demonstrated — and underlying 

disease states are ruled out through history, 

oie physical examination, and appropriate labo- 

"E ratory tests—a diagnosis of primary hyper- 
$253 lpidemia is confirmed. 


a 





Dietary modification directed at correcting the specific lipid abnormality 
should be instituted as the first therapeutic step, but often fails to lower 
the lipids sufficiently. 


This is the best time to add ATROMID-S, an antilipidemic agent, to the 
regimen. Early, effective, and continuous lipid lowering is important in 
the successful management of hyperlipidemia. 


Routine testing for both cholesterol - 
and triglycerides recommended 


The concept of early intervention is gaining acceptance in dealing with 
the nationwide epidemic of hyperlipidemia. As a result, there is a trend 
toward increased screening of both asymptomatic patients and blood 
relatives of hyperlipidemic patients. “Because history and physical exam- 
ination are limited in their ability to detect these disorders [hypercholes- 
terolemia and hypertriglyceridemia], it now appears mandatory that each 
physician screen each patient routinely for lipid abnormalities just as one 
now routinely gets a hematocrit, a urinalysis or a fasting blood sugar in the 
course of an annual physical examination." 


Hyperlipidemia 
= Atromid-S 


clofibrate) Capsules 500 mg. 
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; Hyperlipidemia — a factor you cando 

| something about You cannot change your patient's heredity. 

Or sex. Or age. But you can help alter other factors in his profile: improper 

diet, excessive smoking, hypertension and hyperlipidemia. While diet is 
BORK et "wwsse the starting point in the management of 
de RUM — primary hyperlipidemia, it is not always suc- 

E. LOUER MU NRI MATS 

qu æf cessful. As Zelis? points out: "Dietary control 

requires strong motivation and self-discipline 

that not every patient is able to exercise." 

And even under carefully monitored dietary 

regimens, lipid lowering may be inadequate. 

For these reasons, it is often necessary to add 

an antilipidemic agent such as ATROMID-S to 

produce significant reductions in serum lipids. 


Atromid-S (clofibrate) — to help reduce 
elevated levels of cholesterol 

and/or triglycerides when diet alone 

is not enough ATROMID-S as an adjunct to diet has a proved 


record of effectiveness in lowering elevations of both cholesterol anc 
triglycerides. Lipid lowering is sustained as long as ATROMID-S treatment 
is uninterrupted. The drug is effective in a simple, well-accepted regimen 
that patients can stay with. Initial and maintenance dosage is 2 Gm. daily, 
in divided doses. Some patients may respond to a lower dosage. The 
lipid-lowering effect of ATROMID-S is usually noted during the first month 
of therapy. The higher the initial level, the greater the lipid reduction likely 
to occur. If response is inadequate after three months, the drug should be 
discontinued. However, if xanthoma tuberosum is present, treatment snould 
be continued for longer periods (even up to one year), provided there is 

a reduction in the size and/or number of the xanthomas. 





Significantly lowers cholesterol and triglycerides in patients 
with elevated serum levels of both lipids? 


Mean values (mg.%) of Cholestero| BEEN. ^ ''olycerdes. INLINE iam 
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Years 1 2 3 4 5 6 7 8 
No. of patients 50 GENE 50 49 32 
42 mmn 42 42 29 


Significantly lowers elevated serum cholesterol levels in patients 
with normal triglyceride values (<150 mg./100 ml.)? 


Mean value (mg.%) of Cholesterol  BENNNNENN 





Years 1 2 3 4 5 6 7 8 
No.of patents 8 BEEE 8 7 3 


Adapted trom Berkowitz, D.? 














IF GIVEN IN CONJUNCTION WITH ANTICOAGULANTS 
WARNING: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN 
CONJUNCTION WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT SHOULD BE 
REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN 
THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICA- 
TIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 





Atromid-S (clofibrate) 
helps control the lipid factor 
in your patient's profile 





Initial and maintenance 
dosage: 2 Gm. daily (four 
capsules), in divided 
doses. Some patients may 
respond to a lower dosage. 





BRIEF SUMMARY 


(For full prescribing information, see package circular.) 
ATROMID-S® (clofibrate) 
Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: ATROMID-S is indicated as adjunctive therapy 
to diet and other measures for the reduction of elevated serum 
cholesterol (especially the beta lipoprotein fraction) and/or tri- 
giycerides. Clofibrate appears to have a greater depressant 
effect on the very low density lipoproteins (Str 20-400) rich in 
triglycerides than the low density lipoproteins (Sr 0-20) rich in 
cholesterol. 


ATROMID-S is also indicated for treatment of patients with 
xanthoma tuberosum associated with hyperlipidemia. The skin 
lesions frequently regress with clofibrate. 


It has not been established whether the drug-induced lowering 
of serum cholesterol or lipid levels has a detrimental, beneficial, 
or no effect on the morbidity or mortality due to atherosclerosis 
or coronary heart disease. Several years will be required before 
current investigations will yield an answer to this question, 


CONTRAINDICATIONS: Clofibrate is contraindicated in preg: 
nant women. While teratogenic studies have not demonstrated 
any effect attributable to clofibrate, it is known that serum of 
the rabbit fetus accumulates a higher concentration of clo 
fibrate than that found in maternal serum, and it is possible 
that the fetus may not have developed the enzyme system 
required for the excretion of clofibrate. 


it is contraindicated in lactating women since it is not known 
if clofibrate is secreted in the milk. 


It is contraindicated in patients with clinically significant 
hepatic or renal dysfunction. 


It is contraindicated in patients with primary biliary cirrhosis 
since it may raise the already elevated cholesterol in these 
cases. 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTI: 
COAGULANTS ARE GIVEN IN CONJUNCTION WITH 
ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENO 
ING ON THE INDIVIDUAL CASE) TO MAINTAIN THE PRO; 
THROMBIN TIME AT THE DESIRED LEVEL TO PREVE 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBI 
DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL 
HAS BEEN STABILIZED. 


Strict birth. control grocedures must be exercised by women 
of childbearing potential. In patients who plan to become 
pregnant, clofibrate should be withdrawn several months 
before conception. Because of the possibility of pregnancy 
occurring despite birth control precautions in patients taking 
clofibrate, the possible benefits of the drug to the patient 
must be weighed against possible hazards to the fetus, 


PRECAUTIONS: Before instituting therapy with clofibrate, 
attempts should be made to control serum lipids with appro- 
priate dietary regimens, weight loss in obese patients, control 
of diabetes mellitus, etc. 


Because of the long term administration of a drug of this nature, 
adequate base line studies should be performed to determine 
that the patient has significantly elevated serum lipid levels. 
Frequent determinations of serum lipids should be obtained dur- 
ing the first few months of ATROMID-S administration, and 
periodic determinations thereafter. The drug should be with- 
drawn after three months if response is inadequate. However, in 
the case of xanthoma tuberosum, the drug should be employed 
for longer periods (even up to one year) provided that there i$ a 
reduction in the size and/or number of the xanthomata; 


Subsequent serum lipid determinations should be done to 
detect a paradoxical rise in serum cholesterol or triglyceride 
levels. Clofibrate will not alter the seasonal variations of serum 
cholesterol peak elevations in midwinter and late summer and 
decreases in fall and spring. if the drug is discontinued, the 
patient should be placed on an appropriate hypolipidemic diet, 
and his serum lipids should be monitored until stabilized, as a 
rise in these values to or above the original base line may occur. 
During clofibrate therapy, frequent serum transaminase determi 
nations and other liver function tests should be performed since 
the drug may produce abnormalities in these parameters. These 


effects are usually reversible when the drug is discontinued. 
Hepatic biopsies are usually within normal limits. If the hepatic 
function tests ‘steadily rise or show excessive abnormalities, 
the drug should be withdrawn. Therefore use with caution in 
those patients with a past history of jaundice or hepatic disease, 


Clofibrate may produce “flu like" symptoms (muscular aching, 
soreness, cramping). The physician should differentiate this 
from actual viral and/or bacterial disease. 


Use with.caution in patients with peptic ulcer since reactivation 
has been reported. Whether this is drug-related is unknown. 


. Complete blood counts should be done periodically since ane- 
| mia, and more frequently, leukopenia have been reported in 
patients who have been taking clofibrate. 


Various cardiac arrhythmias have been reported with the use of 
clofibrate. 


Several investigators have observed in their studies that clofi- 
brate may produce a decrease in cholesterol linoleate but an 
increase in palmitoleate and oleate, the latter being considered 
atherogenic in experimental animals. The significance of this 
finding.is unknown at this time. 


ADVERSE REACTIONS: Of the pertinent reactions, the most 
common is nausea. Less frequently encountered gastrointesti- 
nal reactions are vomiting, loose stools, dyspepsia, flatulence 
and abdominal distress, Reactions reported less often than 
gastrointestinal ones are headache, dizziness, and fatigue; 
muscle cramping, aching, and weakness; skin rash, urticaria, 
and pruritus; dry brittle hair, and alopecia. 


The following reported adverse reactions are listed alphabeti- 
cally by systems: 
Cardiovascular 
Increased or decreased angina 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 
Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 
Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal dis- 
tress) 
Hepatomegaly (not aSsociated with hepatotoxicity) 
Vomiting 
Stomatitis and gastritis 
Genitourinary 
impotence and decreased libido 
Findings consistent with renal dysfunction as evidenced by 
dysuria, hematuria, proteinuria, decreased urine output 
One patient’s renal biopsy suggested “allergic reaction. 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 
Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
"Flu like" symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by increased trans- 
aminase (SGOT and SGPT), BSP retention, and increased 
bes thymol turbidity 
Proteinuria 
Increased creatine phosphokinase 


Reported adverse reactions whose direct relationship with the 
drug has not been established: peptic ulcer, gastrointestinal 
hemorrhage, rheumatoid arthritis, tremors, increased perspira- 
tion, systemic lupus erythematosus, blurred vision, gynecomas- 
tia, thrombocytopenic purpura 

DOSAGE AND ADMINISTRATION: /nitia/: The recommended 
dosage for adults is 2 Gm. daily, in divided doses. Some 
patients may respond to a lower dosaga. 

Maintenance: Same as for initial dosage. 

Note: In children, insufficient studies have been done to show 


safety and efficacy. 
DRUG INTERACTIONS: Caution shculd be exercised when ZEE o: en' Ou eci e - cono 
anticoagulants are given in conjunction with ATROMID-S Hj 
(clofibrate). The dosage of the anticoagulant should be ws 
racuded usually by one-half (depending on the individual case) a ipi -lowering agent earl 

vent bleeding complications. Frequent prothrombin determina- yl ' 
tions are advisable until it has been definitely determined that yper ip A ic 

















to maintain the prothrombin time at the desired level to pre- 
the prothrombin level has been stabilized 


MANAGEMENT OF OVERDOSAGE: While there has been no 
reported case of overdosage, should it occur, symptomatic sup- 
*portive measures should be taken 

HOW SUPPLIED: ATROMID-S—No. 243—Each capsule con- 
tains 500 mg. clofibrate, in bottles of 100. 


! References: 1. Scheig, R.: Conn. Med. 39:71 (Feb.) 1975 
2. Zelis, R.: Clinical Focus on Hyperlipidemia: Detection and 
Diagnosis, Ayerst Laboratories, 1975, p. 8. 3. Berkowitz, D: 
J.A.M.A. 218:1002 (Nov. 15) 1971. 
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Cardio Beeper*-PM pacer monic. are 
unlike any heart monitorina instruments 
now in use. Theyre five ounces, pocket 
sized and relatively inexpensive. Yet 


they are unparalleled in electronic so 


phistication. The CardioBeeper monitors 


are engineered to permit vour coronary 


patient, within seconds, to telephonically 


transmit his heart rate and rhythm or 
ECG. And to allow your pacemaker 
patient to transmit pacemaker rate in 
terval and artitact, as well as confirma 
tion of battery integrity and ventricular 
capture. At any time. From any conven 
tional telephone. If indicated, vou are 
then able to institute immediate. often 
life-sustaining action. 


Pacemaker tracing telephoned with 
CardioBeeper-PM 


Normal ECG tracing telephoned with 
CardioBeepe: 

The CardioBeeper system is simple 
lo use. Your patient need not undress 
Or be bothered with paste, gels oi straps 
He simply places a reusable electrode 
in each bare armpit. And to transmit. 
he merely holds the Cardio Beeper 


monitor next to the mouthpiece of the 
phone while touching a button. Physician 
and patient stay in constant voice 
contact while sending and receiving 

You can immediately receive the 
telephoned data as a series of audible 

jeeps indicating each QRS complex 

or pacemaker spike. To receive a pei 
manent record of ECG or pacemaker 
artifact, just connect a Cardio Beeper’ 
ECG Decoder to your telephone and to 
any conventional ECG machine. Oi 
instead, connect a CardioBeeper* 
Decodalyzer to your phone to obtain a 
visual readout of heart rate or pace 
maker rate in BPM., interval count in 
msec. or a direct ECG tracina for vour 
records 

In life-threatening emergencies 
or routine checks, no remote cardiac 
monitoring instruments available today 
at any cost can rival the revolutionary 
Cardio Beeper system. For further 
information, simply contact your Weth 
representative or Wyeth Laboratories 
Box 8299, Philadelphia. Pa. 19101 


Manufactured for Wyeth Laboratories 
by Survival Technoloay, tr 
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heart monitor 
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In this prospective randomized study, resting and exercise hemody- 
namics were determined in the nonmedicated state before (“entry”) 
and 1 year after coronary bypass surgery in 38 patients, and at entry 
and 1 year in 40 patients treated medically. The surgical group 
showed a significant decrease in mean pulmonary arterial wedge 
pressure during exercise (entry 23.5 + 1.6 [standard error of the 
mean| mm Hg, 1 year 18.9 + 1.0, P <0.02); an increase in cardiac 
index during exercise (entry 4.3 + 0.1 liter /min per m?, 1 year 4.6 + 
0.1, P «0.05); an increase in resting mean arterial pressure (entry 
94.5 + 2.2 min Hg, 1 year 100.2 + 2.2, P < 0.02); and an increase ir 
resting heart rate (entry 68.5 + 1.9 beats/min, 1 year: 76.0 + 2.0, F 
«0.01). Maximal treadmill exercise performance also improved signif- 
icantly in the surgical group of patients (entry 285 + 24 seconds, 1 
year 382 + 24, P <0.002). There were no significant changes in these 
variables in the medically treated “control” group. The improvement 
in pulmonary arterial wedge pressure during exercise and in maximal 
treadmill exercise time in the surgical group as a whole was due to 
striking improvement in these variables in a subgroup of 16 surgical 
patients who had a more than 10 mm Hg increase in pulmonary arteri- 
al wedge pressure during exercise in their entry study. In this 
subgroup, considered to contain those patients with marked “ischemic 
dysfunction," pulmonary arterial wedge pressure during exercise fell 
from 31.4 + 1.5 mm Hg (entry) to 19.6 + 1.8 (1 year) (P <0.0001) 
and treadmill time increased from 217 + 24 seconds (entry) to 357 + 
37 (1 year) (P <0.001). Thus, hemodynamic evidence of ischemic left 
ventricular dysfunction during stress may identify those patients who 
will show objective improvement in ventricular performance after by- 
pass graft surgery. 


Atheromatous obstruction of the coronary arteries frequently results 
in symptoms of chest pain and cardiac dysfunction and is a major 
cause of disability in many countries.! Recently, surgical techniques 
for bypassing such obstructions by means of autologous saphenous 
vein aortocoronary grafts have been developed.? With increasing ap- 
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plication of this procedure, interest in its effects 
upon the natural course of patients with coronary ar- 
tery disease has grown. The bypass graft operation is 
reported to result in the relief of angina in 70 to 80 
percent of patients.?-? This compares with significant 
improvement in 30 to 50 percent of similar patients 
treated medically.?5 However, because symptomatic 
improvement after surgical intervention may result 
from a placebo effect,? use of more objective criteria 
is needed to establish the beneficial effects of this 
type of surgery. 

. Relief of ischemia by coronary artery bypass graft- 
ing in patients with stable angina has been reported 
to improve cardiac performance. Some studies have 
suggested that bypass grafting improves “resting” 
left ventricular function, as assessed by measurement 
of developed wall force or rate of rise of left ventricu- 
lar pressure (dP/dt) during surgery!®!! or postopera- 
tive values for ejection fraction.!?-1^ A more common 
observation has been that left ventricular function is 
unchanged at rest after this procedure, but improves 
during stress in some patients.??9.15-7? However, 
these studies have not had suitable medical “control” 
patients so that hemodynamic changes could be com- 
pared in patients with and without surgical treat- 
ment.2! Moreover, some of these studies were per- 
formed in patients relatively soon after surgery so 
that the effects of the operation itself (change in 
sympathetic tone and possible deconditioning) might 
have affected ventricular function at rest and during 
stress.?? 

. To study further the effect of bypass grafting on 
hemodynamics, and to determine if preoperative he- 
modynamic study would allow improved selection of 
patients for surgical treatment, we undertook a con- 
trolled study at the Palo Alto Veterans Administra- 
tion Hospital in 1971. This report describes our expe- 
rience through February 1975. 


Methods 


. Patient selection: The patients studied at Palo Alto 
were men with symptoms of angina pectoris of at least 6 
months' duration. All patients had objective electrocardio- 
graphic evidence of ischemic heart disease, either signs of 
an old myocardial infarction or a positive treadmill test, 
^ and had angiographically demonstrated significant coro- 
nary artery disease (greater than 50 percent stenosis) in- 
volving at least one major coronary artery. Randomization 
_to medical or surgical management was carried out after ar- 
teriography. Informed consent was obtained from ll 


TABLE | 








Characteristics of Patients in Study 
Number 
Vessels 
Patients Age on Diseased Previous Grafts 
Group (no. Entry (yr)* on Entry — Infarct (no.) * 
Surgical ^ 38. 52212  26*s01 51% 19:0. 
Medical 4 JB2 131.1 2.5 * 0.1 5296 : 





* Mean + standard error of the mean. 


subjects, and this study had the approval of the Stanford 
University School of Medicine Committee on the Use of 
Human Subjects in Research. In subjects randomized to 
surgery, bypass grafting was usually performed within 4 
weeks. Patients who had uncontrolled hypertension, rest- 
ing left ventricular failure with an ejection fraction of less 
than 25 percent, left ventricular aneurysm or valvular heart 
disease were not included. Medical patients continued to 
be treated with nitrates, propranolol and, when appropri- 
ate, antihypertensive and lipid-lowering regimens. When 
indicated, such measures were also used in the surgically 
treated patients. 

Angiographic studies: At their initial evaluation, all 
patients underwent coronary arteriography and left ven- 
tricular angiography. Coronary injections with cine and cut 
films were performed using the Judkins technique, and 
subsequently single plane left ventricular angiography in 
the right anterior oblique view was carried out using a pig- 
tail angiocatheter. Obstructions of coronary arteries of 
more than 50 percent were judged to be anatomically sig- 
nificant, and the left ventricular ejection fraction was cal- 
culated, using the length-diameter method.?? One year 
after entry into the study, all patients had follow-up angio- 
graphic procedures. Patients treated surgically underwent 
opacification of all grafts to determine patency, and subse- 
quently left ventricular angiography was performed. Pa- 
tients treated medically underwent left ventriculography 
only. 

Hemodynamic studies: The day before the angiograph- 
ic studies, at entry and at 1 year, all patients underwent 
right heart catheterization. Fick cardiac index, right atrial, 
right ventricular, pulmonary arterial, pulmonary arterial 
wedge and brachial arterial pressures were recorded at rest 
and during supine bicycle ergometry exercise. The usual 
exercise load was 100 kg-m/min, although a higher or lower 
level was occasionally chosen because of a patient's history 
of activity levels at which symptoms developed. At the 1 
year follow-up study, each patient exercised at the same 
work load he used in the entry study. Hemodynamic vari- 
ables were measured between the 4th and 7th minutes of 
exercise. If a satisfactory pulmonary arterial wedge pres- 
sure'could not be obtained, pulmonary arterial end-diastol- 
ic pressure was used as an index of left ventricular filling 
pressure.*4 

Treadmill exercise studies: All patients on entry and 
at 1 year underwent a symptom-limited maximal treadmill 
exercise test according to the Bruce protocol.?5 The test 
was terminated when the patient was unable to continue 
because of chest pain, dyspnea, fatigue, or a serious ar- 
rhythmia. Blood pressure was obtained in the standing po- 
sition with a clinical sphygmomanometer just before and at 


the termination of the test. Leads II and Vs or Vg were 


monitored and maximal S-T segment depression measured 
in millimeters. 

Medications: All patients were receiving no medication 
at the time of study. In those taking propranolol before 
entry, the dose was gradually tapered and the drug discon- 
tinued 48 hours before study; use of cardiac glycosides and 
antihypertensive agents was discontinued 1 week before 
study. The majority of patients in the surgical group re- 
quired no medication after surgery. 

Data analysis: Data on each patient were entered in a 
card file system and analyzed using the Statistical Package 
for the Social Sciences (SPSS) routine at the Stanford 
Computation Center. Nonpaired t tests were used to assess 
statistical significance of differences in variables between 
medical and surgical patient groups. Paired t tests were 
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. used to assess statistical significance of changes in variables 
over the 1 year observation period in the two groups. In ad- 
dition, the patients in each group were subgrouped accord- 
ing to the difference between mean pulmonary arterial 
wedge pressure during exercise and at rest on the entry 
study: In group A this difference was greater than 10 mm 
Hg and in group B it was less than or equal to 10 mm Hg. 
Statistical analyses of variables in these subgroups were 
performed as described for each full group. 


Results 

From January 1971 through February 1975, there 
were a total of 43 surgical and 42 medical patients en- 
tered in the study at the Palo Alto Veterans Adminis- 
tration Hospital who survived at least 1 year after 
randomization. Seven patients had inadequate hemo- 
dynamic study. Thus, adequate rest and exercise he- 
modynamic data on entry and at 1 year follow-up 
were obtained for 38 surgical patients and 40 medical 
patients. The severity of disease in the two patient 
groups on entry into the study was comparable 
(Table I). An average of 1.9 vein bypass grafts were 
placed in each surgical patient, and at 1 year follow- 
up, 82 percent of these grafts were patent. Data on 
morbidity and mortality in these patients will be in- 
cluded as part of the report of the Veterans Adminis- 
tration Cooperative Study on Surgery in Coronary 
Artery Disease. 

Rest and exercise hemodynamic data for the medi- 
cal and surgical groups, initially and after 1 year, are 
shown in Table II. There were no significant differ- 
ences in resting or exercise variables (nonpaired t 
test) between the two groups on entry into the study. 
However, at 1 year follow-up, the surgical group had 
a statistically significant reduction in mean pulmo- 
nary arterial wedge pressure during exercise and a 
small but significant rise in exercise cardiac index, 
compared with values on entry. There were no signif- 
icant changes in the medical group in these variables. 
There was also a significant increase in resting heart 
rate and mean arterial pressure in the surgical group 
of patients during the 1 year period. There were no 
significant changes in heart rate or arterial pressure 
in the medical group. 


TABLE II 


Hemodynamic Data (mean + standard error of the mean) 
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Treadmill exercise testing also documented im- 
provement at 1 year in the surgical group (Fig. 1, 
upper left). There was a highly significant increase in 
treadmill time between the initial and 1 year study in 
the surgical group, compared with a nonsignificant 
reduction in treadmill exercise time in the medically 
treated patients. In addition, surgical patients had a 
significant reduction in S- T segment depression (1.7 
+ 0.2 [standard error of the mean] to 0.9 + 0.1 mm, P 
« 0.001) and increase in double product (207 + 10 to 
252 + 12 mm Hg/100 min, P «0.0001). Medical pa- 
tients showed no alleviation in S-T segment depres- 
sion (1.5 + 0.2 to 1.6 + 0.2 mm) or increase in double 
product (199 + 8 to 194 + 9 mmHg/100 min). In con- 
trast to treadmill performance, resting ejection frac- 
tion was unchanged in both groups at the 1 Your 
study (Fig. 1, lower left). 

The subgroup of patients with a greater than 10 
mm Hg increase in mean pulmonary arterial wedge 
pressure during mild exercise (group A) was consid- 
ered likely to include most of the patients who had 
left ventricular ischemic dysfunction during exercise. 
These patients might be expected to show more dra- 
matic improvement after surgery than patients who 
did not have marked ischemic dysfunction during ex- 
ercise (Group B). Group A patients had more exten- 
sive coronary disease angiographically than group B 
patients (number of vessels with more than 50 per- 
cent obstruction 2.81 + 0.07 versus 2.38 + 0.10, P 
<0.001). None of nine patients with single vessel dis- 
ease were in group A. The ejection fraction on entry 
in patients in group A was lower than in patients in 
group B (65.3 versus 70.4 percent), but the difference 
was not statistically significant. In addition, there 
was no significant difference in the incidence of pre- 
vious myocardial infarction in patients in group A 
and group B. Patients with a previous myocardial in- 
farction on entry had a lower resting ejection fraction 
than those who did not (62.2 + 2.4 percent versus 
77.2 + 2.3 percent, P <0.0001), but no greater pulmo- 
nary arterial wedge pressure during exercise on the 
entry study (22.1 + 1.3 mm Hg versus 21.5 + 1.8 mm 
Hg, difference not significant). Thus, a marked in- 








Cardiac Index Mean PAW Pressure Heart Rate Mean Arterial Pressure O, Consumption 
(liters/min per m?) (mm Hg) (beats/min): (mm Hg) (ml/min per m?) 
Rest Exercise Rest Exercise Rest Exercise Rest Exercise Rest Exercise — 
Surgical group 
(no. = 38) 
Entry 2.9+0.1 4340.1 109404 23.5416 68.5419 916424 945422 1113-24 1315-223 300.5+8.3 
1 Year 3.1+0.1 4640.1 106+06 189+1.0 760+2.0 97.2419 100.2+2.2 115.2+22 136.44+3.3 319.7+9.0 
P value* "en «0.05 a x «0.02 «0.01 ' aN <0.02 ; is l 
Medical group 
| (no. = 40) 
Entry 3.0+0.1 4.3+0.1 108406 20.0+1.3 73.3*41.9 93.7425  96.7+2.3 1114+26 138.8+3.8 3046+ 12. 
fet 3.140.171 45+02 105406 21.4+1.2 69.7+1.4 91.9-*2.2 100.6+2.3 113.8+2.9 1438+8.4 299.0+ 13. 
value* ; AP A ; VP j ; SONE 


* P values for paired t test, entry versus 1 year. Absence of P value indicates no significant difference. 
PAW = pulmonary arterial wedge. 
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FIGURE 1. Graphs depicting changes in maximal treadmill time (top) and resting ejection fraction (bottom) over the study period. Values for 
surgical patients are indicated by closed circles (mean + standard error of the mean), and values for medical patients by the open circles. 
Values on entry are located at left, and at 1 year follow-up at right of each box. “All patients" refers to all medical and surgical patient groups. 
“Group A patients” refers to those patients with a greater than 10 mm Hg increase in mean pulmonary arterial wedge pressure during exercise 
on the initial study. “Group B patients" refers to patients with an increase of 10 mm Hg or less in pulmonary arterial wedge pressure during ex- 
ercise on the initial study (see text). There were no significant differences between medical and surgical groups on entry. P values shown along 
the solid lines indicate the significance of changes in variables in surgical groups over 1 year period (paired t test). P values to the right in each 
box indicate the significance of differences between variables in medical and surgical groups by nonpaired t test. Absence of P values indi- 


cates no significant difference. 
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crease in pulmonary arterial wedge pressure on exer- 
cise correlated with the number of vessels with signif- 
icant obstruction but not with resting ejection frac- 
tion or history of previous myocardial infarction. 
Table III shows the hemodynamic data in the 
subgroups of patients in the medical and surgical 
groups. The improvement in the surgical group as a 
whole appears to be due to patients in group A who 


GROUP A — MEDICAL 


FIGURE 2. Line graph showing 
changes in pulmonary arterial 
wedge (PAW) pressure during ex- 
ercise in individual patients on 
t entry into the study and 1 year 
after coronary artery bypass 
grafting (left) or medical treat- 
ment (right). The data are plotted 
only for group A patients (more 
than 10 mm Hg increase in pul- 
monary arterial wedge pressure 
during exercise on entry). The de- 
crease in pulmonary arterial 
wedge pressure in the surgical 
group at 1 year was highly signifi- 
cant (P <0.0001). There was also 
slight improvement in medically 
treated patients (P = 0.05) (see 
1YR Table III). 


had a marked increase in pulmonary arterial wedge 
pressure during the initial study. These patients had 
highly significant improvements in mean pulmonary 
arterial wedge pressure during exercise after bypass 
grafting (Fig. 2). The patients in surgical group B, 
who did not have an increase of more than 10 mm. Hg 
in pulmonary arterial wedge pressure during exercise 
in the entry study, had no significant improvement in 
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TABLE III 
Ventricular Function in Subgroups (mean + standard error of the mean) 
PAW CI/PAW SWI/PAW 
Rest Exercise Rest Exercise Rest Exercise 
Subgroup A 
Surgical (no. = 16) 
Entry 11.0 + 0.8 31.4+1.5 .29 + 0.03 0.14 + 0.01 5.2+0.5 2.4+0.3 
1 Year 10.7 + 0.9 20.2 + 1.6 .33 + 0.03 0.35 + 0.09 5.7+0.6 3.8+0.5 
P value* Thee <0.0001 FA <0.05 À <0.02 
Medical (no. = 13) 
Entry 10.7 + 0.7 28.3 + 1.7 .33 + 0.03 0.17 + 0.01 6.0 + 0.5 2.6 2 
1 Year 11.0 * 0.9 23.7 + 1.6 .32 * 0.05 0.20 * 0.02 6.2 * 0.8 3.3 + 0.4 
P value* Ay. 0.05 i i: «0.05. 
Subgroup B 
Surgical (no. = 22) 
Entry 10.8 + 0.5 16.8 + 0.8 0.28 * 0.01 0.27 + 0.02 5.6 * 0.4 4.7 + 0.4 
1 Year 10.5 + 0.7 18.4 + 1.2 0.35 + 0.05 0.29 + 0.03 6.4 + 0.8 4.8 + 0.6 
P value* T E : un TAA ‘ 
Medical (no. = 27) 
Entry 10.9 + 0.9 16.0 + 1.1 1+0.03 0.29 + 0.02 5.4 + 0.4 4.6 + 0.4 
1 Year 10.2 + 0.8 20.3 * 1.6 7 € 0.04 0.26 * 0.03 7.0 * 0.9 3.8 * 0.3 
P value* Shy <0.02 ; Yn els LAR <0.05 





* P values for paired t test, entry vs. 1 year. Absence of P value indicates no significant difference. 
CI = cardiac index (liters/min per m*); PAW = pulmonary arterial wedge pressure (mm Hg); Subgroup A: entry exercise PAW — rest PAW > 


10 mm Hg; Subgroup B: entry exercise PAW — 
stroke volume index X 0.01359 (g-m/m?). 


this variable during exercise at the same level after 
bypass grafting. The medical patients in group A, 
with marked rise in mean pulmonary arterial wedge 
pressure during exercise, also showed some improve- 
ment at 1 year, but the difference between pulmo- 
nary arterial wedge pressure during exercise on entry 
and at 1 year was smaller in the medical than in the 
surgical patients (P «0.01). The patients in medical 
group B (less than 10 mm Hg increase in mean pul- 
monary arterial wedge pressure) had a significantly 
greater wedge pressure during exercise at the 1 year 
follow-up study. 

Other indexes of left ventricular “pump” function 
during exercise—cardiac index divided by pulmonary 
arterial wedge, and stroke work index divided by pul- 
monary arterial wedge—also reflected the changes in 
left ventricular function occurring in these subgroups 
of patients, but with less sensitivity than pulmonary 
arterial wedge pressure alone (Table III). Results of 
analysis of treadmill exercise data (Fig. 1, upper mid- 
dle and right) are also consistent with the hemody- 
namic data. Most marked improvement in the surgi- 
cal patients occurred in group A. In fact, improve- 
ment in treadmill exercise time in group B surgical 
patients (Fig. 1, upper right) did not reach statistical 
significance. Treadmill performance in medical pa- 
tients in both subgroups deteriorated, although not 
significantly, and at 1 year treadmill exercise times 
were significantly lower in both medical subgroups 
than in the surgical subgroups. 

Resting ejection fractions in the medical and surgi- 
cal subgroups (Fig. 1, lower middle and right) showed 
no significant differences between groups or over the 
1 year period except for patients in surgical group B. 
These patients had a slight decrease in resting ejec- 


rest PAW < 10 mm Hg (see text); SWI = stroke work index = mean brachial arterial pressure X 


tion fraction between entry and the 1 year study, 
whereas patients in medical group B showed no 
change in the ejection fraction. 

Five patients in the surgical group had no grafts 
patent at the 1 year follow-up study. These patients 
all had an increase in pulmonary arterial wedge pres- 
sure of 10 mm Hg or less during exercise on their 
entry study. They had a decrease in treadmill exer- 
cise time and an increase in pulmonary arterial 
wedge pressure during exercise and a reduction in 
ejection fraction (Table IV). Possibly because of the 
small number of patients, only the increase in pulmo- 
nary arterial wedge pressure reached statistical sig- 
nificance. 


Discussion 


In the experimental animal, it has been shown that 
when myocardial oxygen demand exceeds supply, 
characteristic acute biochemical, electrocardiograph- 
ic and functional changes occur.?9?? In man with sig- 
nificant coronary artery disease, when left ventricular 


TABLE IV 


Data in Surgical Patients With No Patent Grafts at 
1 Year (no. = 5) (mean + standard error of the mean) 








Exercise Ejection 
TM (sec) PAW (mm Hg) Fraction (96) 
Entry 441.5 + 103.8 15.4 + 1.9 71.4 * 7.0 
1 Year 339.5 + 91.5 21.9 + 2.3 59.0 + 5.4 
P value* Fs <0.02 BEAN 





* P value for paired t test, entry vs. 1 year. Absence of P value 
indicates no statistical significance. 

PAW = mean pulmonary arterial wedge pressure; TM = cnakimal 
treadmill time. | 


ESTOS XE CNRC RL 


myocardial oxygen demand is increased by exercise 
or atrial pacing, similar changes occur.?9-?? Also in 
man, symptoms of angina pectoris usually accompa- 
ny these indicators of significant myocardial isch- 
emia. However, patients may have symptoms of angi- 
na without electrocardiographic, biochemical or func- 
tional changes of ischemia. In addition, significant 
ischemic changes in the electrocardiogram or ventric- 
ular function may occur without chest pain.3435 
These observations, plus the fact that surgical inter- 
vention may affect symptoms of chest pain without 
altering in any known way myocardial blood flow or 
oxygen demand in man, have led to attempts to uti- 
lize objective electrocardiographic, biochemical and 
functional characteristics of the stressed left ventri- 
cle to assess the relative benefits of medical and sur- 
gical intervention in coronary artery disease for the 
relief of myocardial ischemia.?9 

The data presented in this report demonstrate that 
patients with stable angina who manifest hemody- 
amic evidence of ischemic left ventricular dysfunc- 
tion (marked increase in pulmonary arterial wedge 
pressure) during the stress of exercise have signifi- 
cantly improved exercise hemodynamics 1 year after 
bypass surgery. These patients also have significant 
improvement in treadmill exercise time. Patients 
who did not show marked increases in left ventricular 
filling pressure during exercise did not show im- 
provement in exercise hemodynamics, nor did they 
show significant improvement in treadmill exercise 
performance. Thus, hemodynamic study during exer- 
cise may help to identify patients with angina who 
have more significant myocardial ischemia during 
stress and who will derive objective benefit from sur- 
gical intervention. Medically treated patients sur- 
prisingly showed some tendency to improvement if 
the pulmonary arterial wedge pressure increased 
markedly on exercise initially (group A). However, 
the slight improvement in the medical group was not 
as significant as that in the surgical group. In addi- 
tion, the condition of medical patients in group B, 
who had no marked increase in pulmonary arterial 
wedge pressure during exercise, deteriorated during 1 
year, whereas surgical patients in this subgroup 
showed no signficant change. These findings of im- 
provement in some patients' exercise hemodynamics 
are consistent with previous observations on the ef- 
fect of bypass surgery on exercise hemodynamics in 
patients with coronary artery disease.!6.19,20 

Several studies have reported improvement in 
treadmill exercise performance and S-T segment de- 
pression abnormalities in patients with coronary ar- 
tery disease after aortocoronary bypass graft- 
ing.!^?738 Results of these studies suggest that pa- 
tients with greater electrocardiographic and func- 
tional abnormalities during stress testing manifest 
more significant improvement than do patients with 
angina and more normal responses to treadmill exer- 
cise. It is not clear exactly what limits treadmill exer- 
cise time in patients with coronary artery disease. 
Chest pain, fatigue or dyspnea associated with failure 


to increase heart rate and cardiac output normally, 
and acute left ventricular *pump" dysfunction may 
all play a role.?? Niederberger et al.4° report that in 
patients with angina, the ratio of systemic arterial to 
pulmonary arterial pressure fell during the last 2 
minutes of treadmill exercise, suggesting that acute 
dysfunction of the ischemic left ventricle played a 
major role in limiting treadmill exercise tolerance. 
Thus, patients who have the most improvement in 
exercise hemodynamics after surgery (group A) 
would be expected to show the most striking im- 
provement in treadmill exercise performance. This 
was indeed the case. It should be noted that maximal 
treadmill exercise testing provides a more marked 
stress of the left ventricular myocardium than the 
relatively mild supine exercise utilized in this study. 
This may account for the significantly longer perfor- 
mance of surgical compared with medical patients in 
all groups at 1 year. The data also suggest that even 
when hemodynamic exercise studies fail to show evi- 
dence for marked ischemic dysfunction of the left 
ventricle, surgical treatment may prevent the slight 
deterioration in hemodynamic and treadmill perfor- 
mance that seems to occur at 1 year in the medical 
patients of this group. 

The treadmill exercise data in our medical patients 
differ from those obtained by Mathur et al.? Our pa- 
tients had a slight nonsignificant decrease in exercise 
treadmill time at 1 year compared with a significant 
increase shown by their patients. However, the dou- 
ble product at maximal exercise in their patients was 
the same at the end of 1 year as in the initial study, 
suggesting that the improvement in exercise time was 
due to an effect of propranolol. The surgically treated 
patients of Mathur et al. had an improved exercise 
time as well as an increased double product at the 
end of 1 year. 

In this study of patients with stable angina pecto- 
ris, resting hemodynamic data and resting ejection 
fraction were of little value in detecting beneficial ef- 
fects of surgery on ischemic ventricular dysfunction. 
Evaluation of data obtained at rest is useful, how- 
ever, in selecting patients suitable for grafting. 
Marked depression of resting ejection fraction or car- 
diac index associated with increased ventricular fill- 
ing pressures in the patient with stable angina proba- 
bly indicates the presence of significant irreversible 
myocardial damage, and decreases the chance of suc- 
cessful outcome of surgery.*! On the other hand, evi- 
dence for ischemic dysfunction during stress with rel- 
atively normal resting function seems to predict a 
good outcome by objective functional criteria. Thus, 
it is important to distinguish between severe left ven- 
tricular dysfunction at rest and during stress, in at- 
tempting to select patients with stable angina who 
may benefit from surgery. 

An unanticipated result of our study was the find- 
ing in surgical patients of a significant increase in 
resting heart rate 1 year after surgery. Since all pa- 
tients had received no propranolol for 48 hours be- 
fore cardiac catheterization, it is difficult to ascribe 


this finding to an effect of withdrawal from propran- 
olol. A preliminary report by Levenson et al.4? 
suggests that a negative chronotropic effect of pro- 
pranolol may persist up to 48 hours after discontin- 
uation of the drug. If this is the case, the increase in 
heart rate noted in the surgical patients 1 year post- 
operatively could indeed be related to the fact that 
these patients were receiving propranolol before but 
not after surgery and that the withdrawal time was 
not sufficient to allow for return to control condi- 
tions. However, other investigators9:1?929 have also 
reported an increase in resting heart rate 4 weeks to 6 
months after coronary artery bypass surgery. This in- 
crease in resting heart rate may be an unexplained 
result of bypass surgery itself and not due to changes 
in the degree of beta blockade. 

These data, and previous results, suggest that a pa- 
tient with classic angina pectoris, a strongly positive 
treadmill test with significant functional aerobic im- 
pairment, marked increase in left ventricular filling 
pressure during hemodynamic stress, but with nor- 
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mal resting hemodynamics and well preserved ejec- 
tion fraction, and obstructive coronary artery disease 
that appears anatomically significant is an ideal can- 
didate for bypass grafting. Such a patient is likely to 
have not only relief of chest pain, but also objective 
evidence of improvement in exercise performance 
and hemodynamic function. An important unan- 
swered question is whether patients with angina pec- 
toris with significant functional impairment on 
treadmill testing or a markedly abnormal hemody- 
namic response to exercise have a different prognosis 
from patients with angina and similar coronary arte- 
rial anatomy but without these markers of ischemic 
impairment of left ventricular function. It is possible 
that this type of study could define a subgroup of pa- 
tients with coronary artery disease and angina who 
would show improvement in prognosis with surgery 
as well as relief of pain. More emphasis might then be 
placed on medical control of anginal symptoms in pa- 
tients without these abnormalities of ventricular 
function during stress. 
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Coronary arteriography performed in 17 patients with Prinzmetal's 
variant angina demonstrated high grade fixed obstructions in 9 pa- 
tients (Group |) and insignificant or no fixed lesions in 8 patients 
(Group II). Group | consisted mostly of middle-aged or elderly men 
with S-T segment elevations in various sites; Group Il included five 
younger women with S-T segment elevations in inferior electrocardio- 
graphic leads. In Group | patients, arteriography revealed a discrete 
high grade lesion located proximally in a major coronary artery in four 
patients and multivessel involvement in five patients. In Group Il pa- 
tients, spontaneous spasm was documented in three patients and 
spasm was pharmacologically provoked in two others during arteriog- 
raphy. The current study indicates that spasm is the responsible 
pathogenetic mechanism of myocardial ischemia in some patients 
with Prinzmetal angina and that this mechanism may be suspected 
from the clinical characteristics of these patients. 


Prinzmetal’s variant angina is a clinical and electrocardiographic syn- 
drome characterized by angina occurring at rest accompanied by non- 
progressive S-T segment elevations. Whereas Prinzmetal’s initial re- 
port! and several subsequent studies?-4 indicated that patients with 
this syndrome tend to have severe proximal occlusive lesions of the 
coronary arteries, in recent years much attention has been directed to 
the paradox of normal coronary arteriograms in patients with electro- 
cardiographic abnormalities indicative of severe myocardial isch- 
emia.95-14 Several reports? 5101.13 have documented the simultaneous 
occurrence of chest pain, S-T segment elevation and spasm of rela- 
tively normal coronary arteries during coronary arteriography and 
have suggested localized spasm as the mechanism responsible for the 
variant angina in some patients. The relative incidences of fixed ste- 
noses and spasm as the underlying pathogenetic mechanism in this 
syndrome is not entirely clear. Furthermore, it is not known whether 
the clinical and therapeutic features of the syndrome differ accordrag 
to pathogenetic mechanism. 

The purpose of the current study was to: (1) determine the fre- 
quency, types and location of fixed stenoses in this syndrome; (2). de- 
termine the underlying cause of the syndrome in patients without sig- 
nificant fixed coronary arterial lesions; and (3) evaluate and compare 
the clinical features and therapeutic responses in patients with and 
without significant fixed stenoses. 


Methods 


During the 8 years from 1967 to June 1975, coronary arteriograms have 
been performed in 2,350 patients at Stanford University Hospital. Seventeen 


- of these patients had documented angina at rest and S-T segment elevation 


during periods of chest pain without progression to myocardial infarction. 
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left anterior descending coronary artery; MI = myocardial infarction; oophor 


premature ventricular contraction; RCA = right coronary artery; VF = ventricular fibrillation; VT = ventricular tachycardia. 


high blood pressure; LAD 
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The clinical records, electrocardiographic, hemodynami 
and coronary arteriographic data were reviewed in these 
patients. Follow-up data of 2 months to 7 years were avail. 
able. 

Coronary arteriography was performed using Judkin: 
preformed catheters. Premedication for the procedure dic 
not include atropine or nitroglycerin. During the procedurę 
nitroglycerin was administered sublingually in an attemp! 
to reduce the severity of stenotic lesions. After informec 
consent was obtained, ergonovine maleate was adminis 
tered intravenously to three patients in a dose of 0.05 mg t« 
0.2 mg in an attempt to provoke coronary arterial spasm. 


Results 
Group | 


This group included nine patients with druta 
fixed obstructive disease (more than 50 percent re: 
duction of cross-sectional diameter) of one or mor 
coronary arteries. 

Clinical features: Each of the nine patients had 
angina at rest which dated from 1 week to 5 year: 
(Table I). The angina had a cyclic pattern during any 
24 hour period and a prolonged duration (more thar 
15 minutes) that was not immediately interrupted by 
sublingually administered nitroglycerin. Six of these 
patients reported a particular frequency of angina ir 
association with awakening from sleep, usually in the 
early morning. In all patients the frequency and se 
verity of anginal episodes had accelerated within thi 
72 hours preceding hospitalization. Only two patient: 
experienced syncopal episodes during angina and fivt 
noted frequent palpitations. Three patients had : 
history of previous myocardial infarction. Risk fac 
tors for coronary artery disease were present in al 
patients including elevated serum lipids in six anc 
cigarette smoking in seven of nine patients. 

The electrocardiogram obtained during angina 
episodes demonstrated S-T segment elevation in pre 
cordial leads in three patients and in inferior leads i1 
the remaining six patients. During pain-free periods 
there were no S-T segment elevations but Q wave 
were present in inferior electrocardiographic leads i1 
three patients. These Q waves were evident on rec 
ords predating the current hospitalization. Five pa 
tients experienced ventricular arrhythmias coinci 
dent with anginal episodes. Three of these same pa 
tients also experienced bradycardia, including oni 
patient who had complete heart block followed b; 
ventricular fibrillation during an anginal episode. 

Arteriographic features: High grade stenotic le 
sions were localized to a discrete segment of proxima 
portions of either the left anterior descending or righ 
coronary artery in four patients (Table II). In eacl 
instance the proximal high grade stenosis was in th 
artery that supplied the area of the myocardium ex 
pected to be ischemic by the electrocardiographic al 
terations during angina (Tables I and II). The arteri 
ograms in the remaining five patients revealed higl 
grade stenoses or complete occlusion of multiple cor 
onary arteries. In these patients lesions were found ii 
the appropriate vessel based on the S-T segment ele 
vations during angina (Tables I and II). Collatere 
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TABLE Il 
Coronary Arteriographic Findings 
Fixed Obstructive Lesions Spasm 
Case à Left Ventricular Response to 
vno, C. Single Vessel Multiple Vessels Spontaneous Provoked Contraction Nitroglycerin 
Group ! 
"em 8096 prox. LAD Hypokinesia, Fixed 
anterior seg. 
2 70% distal RCA Akinesia, apical Fixed 
100% mid LAD seg., hypokinesis 
30% obtuse margin ant. seg. 
“3 85% mid RCA Normal Fixed 
50% mid LAD 
rA 100% mid LAD Akinesia, apical Fixed 
90% mid RCA seg. 
ELS 95% mid RCA ET Normal Fixed 
$5 S Sse 50% mid LAD Hypokinesia, Fixed 
: 95% diagonal diaphragmatic 
75% prox. Cfx seg. 
| 90% distal RCA 
nO 90% prox. RCA aX Normal Fixed 
e] 90% prox. LAD Dyskinesia- Fixed 
| apical seg., 
hypokinesia 
TN ant. seg. 
9 100% LAD Normal Fixed 
50% mid RCA 
50% Cfx 
Group II 
.. 10 4096 prox. RCA HAC Normal Fixed. 
11 Normal 80% localized Normal Complete reversal 
seg. of obtuse 
E. marginal 
AQ Normal 100% mid RCA Normal Complete reversal 
13 Normal 100% prox. Cfx Normal Complete reversal 
(L. dominant) 
14 30% mid RCA None 90% mid Normal Reversal to 30% 
l RCA stenosis 
~ 15 25% mid RCA WE None 100% mid Normal Reversal to 25% 
RCA stenosis 
16 Normal fit None Neg Normal XI. 
17 zi 2596 mid RCA None Not done Normal 


25% mid Cfx 


Ant. = anterior; Cfx = circumflex coronary artery; LAD = left anterior descending coronary artery; L. = left; Neg = negative; Prox. = proxi- 


‘mal; RCA = right coronary artery; Seg. = segment. 
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circulation to the distal segment of the occluded left 
anterior descending coronary artery was visualized in 
three patients. However with one exception (Case 9) 
there was no evidence of collateral flow beyond the 
obstructive lesion in the vessel supplying the myocar- 
dial area responsible for the S-T segment changes. 

Management: Six patients underwent coronary 
artery bypass surgery; one patient required re-opera- 
tion at a later date. There was no early or late postop- 
erative mortality, and three patients have complete 
relief of angina (Table I). The other three patients 
treated nonoperatively by vasodilators had signifi- 
cant relief of angina, including one patient who is an- 
gina-free after a myocardial infarction incurred 2 
days after coronary arteriography. 


Group Il 


This group included eight patients with no signifi- 
cant fixed obstructive disease. 


Clinical features: All eight patients had cyclical 
angina that occurred exclusively at rest and tended 
to occur when they awoke in the morning (Table I). 
The duration of the anginal syndrome ranged from 1 
month to 10 years. Syncope or palpitation coincident 
with angina was present in four and five patients, re- 
spectively. Six patients had risk factors for coronary 
artery disease. 

Electrocardiograms obtained during anginal epi- 
sodes indicated transient S-T segment elevations in 
inferior leads in all but one patient whose S-T eleva- 
tions occurred in the left precordial leads (Table I). 
The S-T segments reverted to normal when the pain 
subsided. The electrocardiogram also demonstrated 
frequent premature ventricular contractions in five 
patients; in two of these ventricular tachycardia de- 
veloped. Two patients had complete heart block dur- 
ing anginal episodes. " 

. Arteriographic features: Coronary arteriography 
revealed normal coronary arteries or nonsignificant 


fixed stenotic lesions (less than 50 percent reduction 
in cross-sectional diameter) in all eight patients. 
There was no evidence of collateral circulation. In 
three patients total or near total occlusion of a major 
coronary artery spontaneously developed at a site far 
removed from the catheter tip (Fig. 1). The spasm in 
each instance was localized to a long segment (3 to 5 
cm) of the artery while the caliber of other coronary 
arteries was unchanged. Angina and elevation of S-T 
segments in lead II appeared coincident with the lo- 
calized coronary arterial spasm in each instance. Fur- 
thermore, frequent premature ventricular contrac- 
tions also occurred in two patients. Sublingual ad- 
ministration of nitroglycerin reversed the localized 
spasm, angina and ventricular irritability within 1 to 
2 minutes. 

Ergonovine maleate was administered intrave- 
nously to three patients during the arteriographic 
procedure. The agent provoked arterial spasm at the 
site of low grade stenosis (30 percent of cross-section- 
al diameter of the vessel) of the right coronary artery 
in two patients (Fig. 2 and 3). The narrowing extend- 
ed over a 2 and 4 cm length of the middle segment of 
the artery. In the third patient the drug had no dis- 
cernible effect on the artery. In the two former pa- 
tients angina and S-T segment changes but no ven- 
tricular arrhythmias appeared during the periods of 
provoked coronary arterial spasm. These alterations 
were rapidly reversed with the sublingual administra- 
tion of nitroglycerin. 

The remaining two patients had normal or nonsig- 
nificant fixed lesions and neither angina nor sponta- 
neous spasm occurred during the procedure. A pro- 
vocative test with ergonovine was not attempted in 
these two patients. 

Management: One woman with ventricular ar- 
rhythmias and frequent angina at bed rest underwent 
surgery to bypass a low grade stenosis of the proximal 
right coronary artery. Several hours after operation 
she experienced multiple episodes of ventricular 
tachycardia and fibrillation that were eventually 
abolished by the intravenous administration of nitro- 
glycerin. Eight months after operation episodes of 
angina and palpitations are still present but less fre- 
quent with the patient maintained on a regimen of 
short and long-acting vasodilators. One other patient 
had implantation of a permanent pacemaker for 
treatment of episodic complete heart block that ac- 
companied the chest pains but died suddenly during 
an anginal episode several months later. 

The remaining six patients have been treated with 
short and long-acting vasodilators. All have contin- 
ued to experience angina but at a decreased frequen- 
cy (Table I). No patient has demonstrated evidence 
of a subsequent myocardial infarction or symptoms 
of limited cardiac reserve. 


Discussion 


The 17 patients in our study demonstrated the sa- 
lient features of Prinzmetal's variant angina, that is, 
angina occurring at rest associated with S-'T segment 
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FIGURE 1. Case 13. Left coronary arteriograms in the right anterior 
oblique projection. A, occlusion of the circumflex coronary artery 
due to spontaneous spasm. Note the gradual tapering of the vessel, 
a configuration unlike that of the usual arteriosclerotic occlusion. 
There is no evidence of reconstitution of the distal vessels by collat- 
eral circulation. B, 90 seconds after the sublingual administration of 
nitroglycerin, showing complete reversal of the spasm of the cir- 
cumflex coronary artery. At this time the left coronary arterial sys- 
tem appears entirely normal. 


elevation during pain with resolution of the S-T 
changes during pain-free periods. The pathogenetic 
mechanism responsible for the symptoms was a high 
grade fixed obstructive lesion of the proximal portion 
of one or more of the three major coronary arteries in 
nine patients. On the other hand, the coronary arte- 
ries of eight patients were entirely normal or con- 
tained low grade nonsignificant narrowings, and in 
this group with no significant fixed lesions the appar- 
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FIGURE 2. Case 15. Right coronary arteriograms in the right an- 
terior oblique projection. A, slight narrowing in the mid right cor- 
onary artery. The simultaneously recorded electrocardiogram in- 
dicates no evidence of ischemia. B, 2 minutes after the intrave- 
nous administration of 0.1 mg ergonovine maleate. The drug has 
provoked spasm of such severity as to cause occlusion of the 
proximal right coronary artery. The simultaneously recorded 
electrocardiogram shows marked S-T segment elevation (see 
Fig. 3B). C, 1 minute after sublingual administration of nitroglyc- 
erin showing reversal of coronary arterial spasm. 


ent pathogenetic mechanism was localized spasm of a 
coronary artery. In five of these eight patients such a 
mechanism was actually demonstrated during coro- 
nary arteriography. Thus, patients with variant angi- 
na were almost equally divided into two groups based 
on the pathogenetic mechanism responsible for inter- 
mittent myocardial ischemia. 


Clinical Features | 


Comparison of the clinical features in these two 
groups indicated a disproportionately large number 
of patients in the 5th decade in both groups. Whereas 
in the group with fixed obstructive disease there was 
the usual predominance of men with multiple risk 
factors, the group without significant fixed obstruc- 
tive disease was composed predominantly of younger 
women with fewer risk factors. Review of previous re- 
ports?-!^ of 58 patients with Prinzmetal’s angina who 
have undergone coronary arteriography reveals the 
expected preponderance of men but of a younger age 
than the average patient with symptomatic coronary 
artery disease. However, as in the current series, 
there was an inordinate number of younger women 
with variant angina and normal coronary arteries.?:7 

The cyclic nature and association of the chest pain 
with awakening from sleep was a frequent feature of 
the syndrome in the current series, particularly in pa- 
tients without fixed obstructive disease, all of whom 
experienced angina initially and subsequently most 
frequently upon awakening in the morning. These 
features have been observed more frequently in vari- 
ant angina than in the more classic anginal syn- 
dromes. !»3:6-8:10,11 

Prinzmetal et al.! and later investigators?:4-9.10.11,14 
have indicated a high frequency of ventricular ar- 
rhythmias and atrioventricular dissociation during 
chest pain. Fifty-six percent of the patients in our se- 
ries had documented arrhythmias associated with an- 
ginal episodes. 


| Coronary Anatomy 


On the basis of postmortem examination, Prinzme- 
tal et al! indicated that the variant anginal syn- 
drome was the consequence of a severe atherosclerot- 
ic luminal narrowing and theorized that superim- 
posed episodic spasm at the site of stenosis eventuat- 
ed in sufficient decreases in myocardial blood flow to 
cause angina. Evidence derived from experimental 
studies in dogs'!6 and arteriographic observations in 
man! clearly indicates that severe stenosis is likely 
to be associated with transient elevation of S- T seg- 
. ments. Coronary arteriography in groups of patients 
with this syndrome has generally shown high grade 
fixed stenosis of coronary arteries.2-4 There has also 
been an unusually high incidence rate of severe dis- 


. crete lesions in the proximal portions of only one cor- 


onary artery, rather than the involvement of multiple 
coronary vessels so frequently s Seen in patients with 
. classic angina.!7-!? In our series, in four of the nine 
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FIGURE 3. Cans 15. Clasicos (lead 2) obtained during 
coronary arteriography. A, before administration of ergonovine ma: 
leate. B, during period of spasm of the right coronary artery pro 
voked by ergonovine maleate. C, after reversal of coronary arena 
spasm and angina with nitroglycerin. 


to the proximal portion of a single coronary artery 
Moreover in those patients with multiple vessel dis- 
ease, high grade proximal lesions were present in the 
artery supplying that portion of the myocardium 
consistent with the site of S-T segment elevations. — 
Coronary Arterial Spasm PME La EE 


There is considerable indirect and direct evidence 
that coronary arterial spasm may be responsible foi 
myocardial ischemia. Several reports document th« 
presence of normal coronary arteries in patients witl 
variant angina^!^!*^ and with documented myocar: 
dial infarction and angiographically demonstrable 
segmental left ventricular dysfunction.?9?! Moreove! 
several case reports have actually documented th« 
spontaneous occurrence of coronary arterial spasn 
during arteriography in patients with variant angina." 

Our series included eight patients without. (dtu 
cant fixed obstructive lesions whose episodes of se 
vere ischemia were probably due to severe spasm o 
normal or nearly normal coronary arteries. In three o: 
five instances of coronary arterial spasm demon 
strated arteriographically in our study the involvec 
vessel was a dominant right coronary artery that pro 
vided blood flow to the inferior surface of the heart 
Most instances of coronary arterial spasm previousl: 
reported have also been confined to the proxima 
portion of a dominant right coronary artery.” 7,8, to ,12,b 
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aec] in seven of the eight patients with nonsig- 
nificant fixed lesions, the electrocardiogram indicat- 
ed that the transient ischemia affected the inferior 
surface of the heart. Previous studies have also indi- 
cated a high incidence rate of electrocardiographic 
abnormalities in the inferior leads in patients with 
variant angina and normal coronary arteries. Suscep- 
tibility of the epicardial right coronary artery to 
spasm is evidenced by the not uncommon occurrence 
of proximal spasm induced by the catheter tip during 
arteriography. 22,28 

Provocative pharmacoangiography: Provoca- 
fon of coronary arterial spasm is a relatively new an- 
giographic technique and is apparently dependent 
upon hypersensitivity of localized arterial segments 
to the direct vascular constricting actions of ergono- 
vine maleate. Besides the two cases in our series, in a 
case recently reported, Gaasch et al.!4 provoked 
spasm at the site of a stenotic plaque in the left ante- 
rior descending coronary artery after intravenous ad- 
ministration of ergotrate, and another preliminary 
report? indicates that spasm had been provoked by 
this drug in several patients. This drug has two ac- 

ions on the cardiovascular system that may be ger- 
mane to the coronary vascular bed, a direct action on 
vascular smooth muscle to cause vasoconstriction and 
an effect on the central cardiovascular center to in- 
crease parasympathetic tone. Whereas the former 
effect would seem to be the one responsible for prov- 
ocation of segmental coronary arterial spasm, a re- 
cent report!? suggests that parasympathomimetic in- 
fluences may be capable of reproducing and atropine 
capable of reversing the characteristic clinical and 
electrocardiographic features in patients with variant 
angina. However, the reason for hypersensitivity of a 
localized segment of a coronary artery to this vasoac- 
tive substance in patients with Prinzmetal's angina 
remains entirely unknown. 'This technique of provoc- 
ative pharmacoangiography may be useful in differ- 
entiating coronary arterial spasm from other anginal 
syndromes associated with normal coronary arte- 
ries.76:27 
— Mechanism of coronary spasm: The mechanism 
whereby spontaneous coronary arterial spasm is pre- 
cipitated in variant angina, particularly in patients 

without high grade obstructive disease, is far from 
vo but certain facts suggest the possibility of cycli- 
cal increases in autonomic neural stimulation of epi- 
cardial coronary arteries. The latter contain both 
‘sympathetic and parasympathetic nerve termi- 
nals.28.29 Direct stimulation of the canine stellate 
ganglion induces primary coronary vasoconstriction, 
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which precedes a metabolically mediated secondary 
vasodilation.®° Since the epicardial vessels are richly 
supplied by alpha adrenergic receptors?! relative to 
beta receptors, a mechanism exists for constriction of 
epicardial arteries by selective stimulation of alpha 
adrenergic receptors. Indeed, there is evidence to in- 
dicate substantial resting alpha adrenergic tone in 
anesthetized®2-33 and conscious dogs,?4 and this tone 
may be selectively attenuated by carotid sinus nerve 
stimulation.?* The recent report by Yasue et al.,!? in 
which methacoline administration provoked episodes 
of angina at rest and S- T segment elevation in several 
patients with Prinzmetal's angina, suggest that en- 
hanced cholinergic activity may in some manner lead 
to spasm of an epicardial coronary artery. 


Treatment 


Several reports documenting the presence of arter- 
iographically normal coronary arteries in patients 
with a history of prior myocardial infarction???! indi- 
cate that spasm may be of sufficient intensity and 
duration to cause transmural myocardial infarction. 
Furthermore, a recent postmortem study demon- 
strated normal coronary arteries in 10 patients who 
died within 25 days of the onset of acute myocardial 
infarction.?? Five of these patients were middle-aged 
women with few risk factors for coronary artery dis- 
ease. Although the follow-up data in patients with 
Prinzmetal's angina indicate that the development of 
myocardial infarction is not uncommon,!-?? many 
patients demonstrate diminished symptoms with the 
passage of time. 

Generally the patients in our study and in previous 
reports?" have had a beneficial response to treatment 
with short- and long-acting vasodilators. On the 
other hand, surgical intervention with coronary by- 
pass in these patients has not been particularly suc- 
cessful.?5.^ However, current experience in patients 
with intractable angina or life threatening arrhyth- 
mias and normal coronary arteries is too limited to 
define the role of operative treatment. 


Addendum 


Since submission of this report, two studies dealing 
with Prinzmetal's angina have appeared. Endo et al.?6 
found significant obstructive lesions at coronary arte- 
riography in only 16 of 35 patients with variant angina. 
This contrasts with the data of Shubrooks et al.,?? who 
found that 17 of 20 patients with variant angina had 
significant fixed obstructive disease of the coronary 
arteries. 
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Interventricular septal motion was studied by echocardiogram in 20 
consecutive patients with documented Wolff-Parkinson-White (WPW) 
syndrome before and during electrophysiologic evaluation using His 
bundle recordings and pacing techniques. Characteristic abnormal in- 
terventricular septal motion was seen in 8 of 11 patients with type B 
WPW syndrome (groups | and Il). All eight patients had electrocardio- 
graphic patterns consistent with an anomalous pathway located in the 
anterior right ventricular wall (group 1). In five of these eight patients 
normalization of the QRS complex for one or more beats was accom- 
plished and produced normalization of the septal motion in four; 
whereas in the fifth patient, who had an underlying atrial septal defect, 
the abnormal septal motion remained abnormal. All nine patients with 
type A WPW syndrome (groups Ill to V) had normal septal motion both 
during total preexcitation and during normalization of the QRS com- 
plex. 

The normalization of the abnormal interventricular septal motion 
with normalization of the QRS complex in type B WPW syndrome 
strongly suggests that the abnormal motion is related to an abnormal 
sequence of ventricular depolarization during preexcitation. Further- 
more, persistent abnormal septal motion after normalization of the 
QRS complex suggests that other factors such as right ventricular vol- 
ume overload may be responsible. Likewise, when abnormal septal 
motion occurs in the presence of type A WPW syndrome, an explana- 
tion other than preexcitation must be sought. 


Abnormal motion of the interventricular septum has been demon- 
strated by echocardiogram in such diverse conditions as right ventric- 
ular volume overload,!'-9 coronary artery disease,^? primary myocar- 
dial disease’ and, more recently, in left bundle branch block.?-!? In 
this latter condition, abnormal interventricular septal motion has 
been thought to be due in part to an altered sequence of ventricular 
depolarization. 

Patients with the Wolff-Parkinson-White (WPW) syndrome pro- 
vide a unique opportunity to study and compare the effects of normal 
and abnormal ventricular depolarization on interventricular septal 
motion. In this condition, the QRS complex during sinus rhythm is 
usually the result of fusion activation of the ventricles.!^ Atrial im- 
pulses are simultaneously conducted to the ventricles by the accesso- 
ry bundle and the normal atrioventricular (A-V) nodal His-Purkinje 
system. In most cases of WPW syndrome, the degree of fusion activa- 
tion can be significantly altered. For example, greater degrees of 
preexcitation by way of the accessory bundle can be achieved by in- 
cremental atrial pacing, which causes a delay in A-V nodal conduc- 
tion. Alternatively, premature atrial stimulation during the effective 


refractory period of the accessory pathway can result 
in normal ventricular excitation and frequently leads 
to reentrant supraventricular tachycardia with a nor- 
mal QRS complex. In this study, both atrial pacing 
techniques were used to examine echocardiographi- 
cally the various types of interventricular septal mo- 
tion in patients with preexcitation of various types 
and degree. 
Methods 


Studies were performed in 20 consecutive patients (14 
male and 6 female) whose 12 lead electrocardiogram re- 
peatedly demonstrated persistent evidence of ventricular 
preexcitation during sinus rhythm. The patients ranged in 
age from 2 to 67 years, and only one was taking cardioactive 
drugs. They were grouped according to the electrocardio- 
graphic criteria of Rosenbaum et al.!? and Boineau et al.!6 
on the basis of site of ventricular preexcitation. All 20 pa- 
tients underwent echocardiographic studies (see later); vec- 
tor-cardiographic studies in the frontal, horizontal and 
right sagittal planes were also performed with use of the 


FIGURE 1. Representative unretouched echocardiograms from a 
normal subject and patients with type A and B preexcitation. In each 
panel from top to bottom the tracings are labeled surface electro- 
cardiographic leads | and II (L 1 or 2), interventricular septum (IVS) 
and posterior left ventricular wall (PLVW). The solid vertical line 
aligns the terminal portion of the QRS, the interventricular septum 
and posterior left ventricular wall respectively in end-diastole. The 
dashed vertical lines align the left side of the interventricular sep- 
tum and endocardium of the posterior left ventricular wall in late 
systole. The same reference lines and abbreviations are used in all 
figures. A, normal subject. Echocardiogram during sinus rhythm 
shows a normal pattern of interventricular septal motion. The poste- 
rior motion of the interventricular septum begins immediately after 
the R wave of the QRS complex and is concomitant with a normal 
anterior motion of the posterior left ventricular wall (see text). B, 
Case 13 (group IV, type A WPW syndrome). The echocardiogram 
shows normal interventricular septal motion. C. Case 3 (group la, 
type B WPW syndrome). The echocardiogram during sinus rhythm 
shows the characteristic abnormal interventricular septal motion 
seen in this condition. The initial posterior motion of the interven- 
tricular septum is rapid immediately after inscription of the delta 
wave; subsequent smooth major anterior motion inscribes an arch 
coincident with the anterior motion of the endocardium and left ven- 
tricular posterior wall. The thin line connecting the onset of the QRS 
complex and interventricular septum denotes the onset of the delta 
wave. 
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Frank lead system. The mean QRS vector was determined, 
as were the direction and duration of the delta wave from 
the initial slow portion of the QRS loop. In 15 patients, in- 
formed consent was obtained for electrophysiologic studies 
performed as previously described using His bundle elec- 
trogram recordings in conjunction with atrial and ventricu- 
lar pacing techniques.!? In 13 of these 15 patients repeat 
echocardiographic studies were carried out during the elec- 
trophysiologic studies. Echocardiographic studies were also 
repeated after inhalation of amyl nitrite (18 patients) and 
during carotid sinus massage (19 patients). 


Echocardiographic Examination 


All patients were examined in the recumbent position 
with use of a commercially available echocardiograph (SKI 
Model ED 20 A) and focused transducer (0.5 inch diameter 
[1.27 cm], 2.25 megahertz, 7.5 cm focal length), with a repe- 
tition rate of 1,000/sec. Tracings were recorded continuous- 
ly on a Honeywell Visicorder, model 1856 (paper speed 100 
mm/sec) together with leads I or II of the conventional 
electrocardiogram. 
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. With use of a water-soluble gel to ensure airtight contact 
with the skin, the transducer was positioned from the third 
to the fifth intercostal spaces left of the sternum and di- 
rected posteriorly until good echoes from the anterior mi- 
tral valve leaflet and interventricular septum was localized. 

.À sweep in a superomedial direction was then performed 
by tilting the transducer toward the right shoulder until 
the aortic ring and valve cusps were seen. A return sweep in 
an inferolateral direction along the long axis of the cardiac 
dullness was then made from the aortic position. Several 
sweeps were made to ensure that the interventricular sep- 
tal echoes were recorded continuously during the sweep. 
The transducer was then kept in place at a position where- 
in good echoes of the interventricular septum and left ven- 
tricular posterior wall were seen. In this position, discon- 
tinuous echoes from the anterior mitral valve leaflet and 
echoes from the posterior leaflet or posterior chordae were 
seen. When optimal position was ascertained, the echoes 
from the anterior chest wall and anterior right ventricular 
wall were damped out by decreasing the near gain and ad- 
justing the depth compensation dials. 

The entire length of the interventricular septum from its 
attachment at the base of the aortic root to the ventricular 


TABLE | 


apex does not move as a whole during the cardiac cycle.'6 
The superior portion, which is contiguous with the aortic 
root and the upper third of the septum, moves anteriorly 
with the aorta in systole. Lower down, near the imaginary 
"fulcrum," the interventricular septal motion is either bi- 
phasic or flat and in the lower two thirds, below the ful- 
crum, it moves posteriorly during systole in conjunction 
with the anterior motion of the left ventricular posterior 
wall and endocardium during the ventricular ejection peri- 
od.! In our study, interventricular septal motion was evalu- 
ated at the level where it normally moves posteriorly dur- 
ing systole. Such a position can easily be delineated as de- 
scribed. 

Normal interventricular septal motion is characterized 
by a rapid smooth posterior motion beginning 40 to 60 
msec after the onset of the R wave of the conventional elec- 
trocardiogram, which occurs concomitantly with an anteri- 
or motion of the left ventricular posterior wall and endo- 
cardium. At or after the most posterior position of the sep- 
tum a small *dimple" is commonly seen, followed by a 
smooth anterior motion in conjunction with the posterior 
motion of the left ventricular posterior wall and endocar- 
diumé (Fig. 1, A and B). 


Clinical Data in 20 Patients With Wolff-Parkinson-White (WPW) Syndrome 





Group & 


Interventricular Septal Motion 
Preexcitation 


Delta QRS Total 











Age (yr) History of Normal 
Case no. Diagnosis & Sex Tachycardia Vector Vector Initial Pacing QRS 
Type B WPW 
Group | (a) 
1 WPW + primary 7M Yes L-P-I L.-P-1 Abn E N 
myocardial disease 
2 WPW + atrial 2F Yes L-P-1 L-P-1 Abn Abn Abn 
septal defect 
3 WPW 55M Yes L-P-I L.-P-1 Abn E i 
4 WPW + old 57M Yes L-P-1 L.-P-I Abn 
pulmonary tuberculosis 
5 WPW 23M No L-P-1 L-P-1 N Abn N 
6 WPW + skull fracture 37M No L-P-I L-P-l Abn et 
MA WPW 32M No L-P-I L-P-1 Abn E 
Group | (b) 
8 WPW 30M Yes L-P-S L-A-S Abn E 
Group Il 
9 WPW 27F Yes + AF L-A-S L-A-S N N nt 
10 WPW 31F Yes L-A-S L-A-S N N 3 
11 WPW 50M No L-A-S L-A-S N np. 
Type A WPW 
Group III 
"2012 WPW + vasovagal 24M Yes L-A-S L-A-I N 
syncope 
Group IV 
ESTS WPW 13M Yes R-A-I L-A-I N N N 
14 WPW 59M Yes R-A-I L-A-I N N N 
15 WPW 33F Yes R-A-S L-A-I N -Adya yes 
16 WPW 44F Yes + AF R-A-I L-A-l N N N 
17 WPW 45M Yes R-A-I L-A-l N ^d As 
18 WPW 36M Yes R-A-I L-A-l N N N 
19 WPW 67F Yes R-A-I L-A-l N N N 
Group V 
20 WPW 55M Yes L-(PA)-I L-A-l N 





* Did not normalize during pacing study. 

t Normal interventricular septal motion during paroxysmal atrial tachycardia with right bundle branch block. - - + = no observation. 

A = anterior; Abn = abnormal motion; AF = atrial fibrillation; E = exaggerated abnormal motion; | = inferior; L = leftward; N = normal 
motion; P = posterior; PA = posteroanterior; R = rightward; S = superior. 


Classification of Preexcitation 


The essential data on all 20 patients are presented in 
Table I. The numerical designation of patients does not 
necessarily correspond to the order in which they were 
studied. Sixteen of the 20 patients had electrocardiograph- 
ic documentation of spontaneous paroxysmal supraventric- 
ular tachycardia with a normal QRS complex. One patient 
(Case 2) had congenital heart disease (atrial septal defect 
proved by cardiac catheterization) and another (Case 1) 
had cardiomegaly with a clinical diagnosis of primary myo- 
cardial disease. 

Patients were classified according to two major types of 
preexcitation, types A and B,!^ and further classified into 
the following five subgroups based on the criteria of Boi- 
neau et al!6: Group I, eight patients whose electrocardio- 
graphic pattern was consistent with preexcitation of the 
anterior portion of the right ventricle; group II, three pa- 
tients with preexcitation of the posterior portion of the 
right ventricle; group III, one patient with preexcitation of 
the posterior portion of the left ventricle; group IV, seven 
patients with preexcitation of the lateral left ventricle; and 
group V, one patient whose electrocardiographic pattern 
was consistent with preexcitation of the anterior left ven- 
tricle. 
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The clinical electrocardiographic patterns proposed by 
Boineau et al.!? to be representative of the different sites of 
ventricular preexcitation are as follows: 

Group I (preexcitation in the anterior right ventricle): 
positive delta wave in leads I, aVL, V; and Vg; predominant 
positive QRS forces in leads I, II, aVL and Ve; and predom- 
inant negative QRS forces in lead V4. 

Group II (preexcitation in the posterior right ventricle): 
positive delta wave in leads I, aVL and biphasic QRS com- 
plex in lead Vi; predominant negative QRS forces in leads 
II, III and aVF (left axis deviation); and predominant posi- 
tive QRS forces in leads aVL and V;. 

Group III (preexcitation in the posterior left ventricle): 
negative delta wave in leads II, III and aVF and positive 
delta wave in lead Vi; negative QRS forces in II, III, aVF 
but less left axis deviation than in group II; predominant 
positive QRS forces in lead V4. 

Group IV (preexcitation in the lateral left ventricle): 
negative delta wave in leads I and aVL and predominant 
positive QRS forces in leads V; and Vo. 

Group V (preexcitation in the anterior left ventricle): 
predominant positive QRS forces in leads II, III and aVF 
and biphasic QRS complex in leads I and V4. 

The electrocardiographic pattern could be classified in 
one of the preceding five groups in all but one patient (Case 
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FIGURE 2. Case 14 (group IV, type A WPW 
syndrome). Representative unretouched echo- 
cardiograms during sinus rhythm (A) and at in- 
creasing paced atrial rates (B and C). A, during 
sinus arrhythmia, interventricular septal motion 
is normal. B, the degree of preexcitation is in- 
creased during high right atrial pacing at a rate 
of 88/min. Although the amplitude of interven- 
tricular septal motion is decreased, it retains its 
normal posterior and anterior pattern in relation 
to systole and diastole. Also, there is an in- 
crease in the left ventricular end-systolic di- 
mension without an increase in the diastolic di- 
mension. C, at a paced atrial rate of 205 beats/ 
min (left side of panel) interventricular septal 
motion becomes "flat," although a very slight 
normal posterior systolic motion remains. 
There is a marked decrease in left ventricular 
dimensions during rapid atrial pacing by com- 
parison with dimensions during the postpacing 
sinus rhythm (right side of panel). HR — heart 
rate; RVW = right ventricular wall. 
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8). This patient had a pattern that was intermediate be- 
tween those of groups I and II (that is, a right lateral area 
of preexcitation). He was included as a subset of group I 
(Ia) since the echocardiographic findings in his case were 
more in keeping with group I data (Table I). 

In all 15 patients undergoing electrophysiologic studies, 
the results confirmed the presence of anomalous A-V exci- 
tation. 


Results 


Type A (Groups III to V) 


All nine patients with type A Wolff-Parkinson- 
White (WPW) pattern (groups III to V) had normal 
interventicular septal motion (Table I, Fig. 1). In all 
five of the nine patients who underwent simultaneous 
electrophysiologic and echocardiographic studies, 
normal interventricular septal motion was main- 
tained (1) as the degree of preexcitation was in- 
creased during atrial pacing at incremental rates, and 
(2) during normalization of the QRS complex by pre- 
mature atrial beats or during supraventricular tachy- 
cardia (Fig. 2). In the remaining four patients with a 
type A WPW pattern, normalization of the QRS 
complex could not be achieved noninvasively (inhala- 
tion of amyl nitrite, carotid sinus massage). 


Type B (Groups | and II) 


In contrast to these findings, 8 of 11 patients with 
a type B WPW pattern (groups I and II) had abnor- 
‘mal interventricular septal motion (Table I). All 
eight patients belonged to group I (preexcitation of 
the anterior or lateral right ventricle). The abnormal 
septal motion in each case was characterized by an 
early rapid posterior motion immediately after in- 
scription of the delta wave of the conventional elec- 
trocardiogram when the left ventricular posterior 


wall and endocardium were flat or still moving slight- 
ly posteriorly. This rapid posterior motion was then 
followed by a major anterior motion, inscribing a 
smooth arc beginning before the posterior wall and 
endocardium started their normal anterior systolic 
movement. This systolic anterior septal movement 
was then followed by a posterior motion of the left 
ventricular posterior wall and endocardium (Fig. 1, 3 
and 4). 

Six of the eight patients in group I had atrial pac- 
ing studies. In those six patients in whom atrial pac- 
ing caused an increase in the degree of preexcitation, 
the abnormal interventricular septal motion was ei- 
ther unchanged or, in most cases, became exaggerat- 
ed. One patient in group I (Case 5) had only a mini- 
mal degree of preexcitation during sinus rhythm that 
was associated with normal interventricular septal 
motion. However, as the degree of preexcitation was 
increased by atrial pacing, interventricular septal 
motion became abnormal and remained so at all 
paced rates. 

Interventricular septal motion became normal in 
four of five patients in group I in whom normaliza- 
tion of the QRS complex could be accomplished (Fig. 
3 and 4). The one patient (Case 2) who maintained 
abnormal interventricular septal motion during nor- 
malization of the QRS complex had an atrial septal 
defect, which itself is known to cause abnormal inter- 
ventricular septal motion! (Fig. 5). 

Group II: All three patients in group II (preexcita- 
tion of the posterior right ventricle) had normal in- 
terventricular septal motion during sinus rhythm. 
Normal septal motion was maintained during total 
preexcitation induced by incremental atrial pacing 
(two patients) and during normalization of the QRS 
complex (one patient). In this latter patient (Case 9) 





FIGURE 3. Case 8 (group Ib, type B WPW syndrome). Retouched echocardiogram obtained during high right atrial pacing. The first three beats 
are atrial paced beats with a total preexcitation pattern of the QRS complex. There is exaggerated abnormal interventricular septal motion. The 
fourth beat is a sinus escape beat also with a preexcitation pattern and associated with abnormal septal motion. The fifth beat (arrow) is a 
stimulated premature atrial beat with normal atrioventricular conduction and a normalized QRS pattern. Normalization of the interventricular 


septal motion is associated with this beat. s — stimulus. 


normal septal motion was also maintained during 
right bundle branch block aberration. 

The one patient (Case 8) whose electrocardio- 
graphic pattern was compatible with a preexcitation 
site intermediate between that of groups I and II had 
abnormal interventricular septal motion during sinus 
rhythm and atrial pacing. Normalization of the QRS 
complex resulted in normal interventricular septal 
motion (Fig. 3). In all but two patients (Cases 1 and 
2) every other aspect of the echocardiographic stud- 
ies was normal. 

Delta wave and septal motion: A comparison be- 
tween the direction of the delta vector and the type 
of interventricular septal motion encountered (Table 
I) indicates that the latter was always normal when 
the delta vector was directed anteriorly (groups II to 
V) and abnormal when the delta vector was posteri- 
orly directed (group I). 


Discussion 


Our results indicate that preexcitation of the left 
ventricle, as occurs in type A WPW syndrome, is as- 


FIGURE 4. Case 7 (group la, type B WPW syndrome 
due to preexcitation of the anterior right ventricle). Un- 
retouched echocardiogram shows abnormal interven- 
tricular septal motion during sinus rhythms with preex- 
citation which reverted to normal after normalization 
of the QRS complex by high atrial pacing. Phonocar- 
diogram (phono) was obtained from the apex. A, nor- 
mal sinus rhythm at a rate of 82/min with QRS preex- 
citation pattern. There is markedly abnormal interven- 
tricular septal motion. B, during atrial pacing at 100/ 
min normalization of the interventricular septal motion 
is seen after normalization of the QRS complex. S, = 
first heart sound; So = second heart sound. 
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sociated with normal interventricular septal motion 
irrespective of the site of preexcitation, as defined by 
the subgroupings (III to V), or the degree of preexci- 
tation, as studied by incremental atrial pacing. The 
clinical implication of these findings is that causes 
other than preexcitation, such as right ventricular 
overload, should be sought when abnormal interven- 
tricular septal motion occurs in the presence of type 
A WPW syndrome. On the other hand, preexcitation 
of the right ventricle may be associated with normal 
or abnormal interventricular septal motion. Preexci- 
tation of the anterior or lateral portions of the right 
ventricle (group I) was always associated with abnor- 
mal interventricular septal motion that in four cases 
reverted to normal with normalization of the QRS 
complex and in a fifth case (Case 2) remained abnor- 
mal because of an underlying atrial septal defect. 
This finding implies that normalization of the QRS 
complex is necessary to rule out other causes of ab- 
normal interventricular septal motion in type B 
WPW syndrome. Preexcitation of the posterior por- 
tion of the right ventricle in close proximity to the 
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ventricular septum (group II) always resulted in nor- 
mal septal motion. 

Comparison of septal motion in oreexiiéatian 
and bundle branch block: Previous reports have in- 
dicated that, in general, left and right bundle branch 
block are associated with abnormal and normal inter- 
ventricular septal motion, respectively.^?-1? Consid- 
ering right ventricular preexcitation as a form of rela- 
tive left bundle branch block and vice versa, our re- 
sults in patients with the WPW syndrome are in gen- 
eral agreement with those cited. Two exceptions are 
preexcitation of the posterior right ventricle in close 
proximity to the interventricular septum, and mini- 
mal degrees of preexcitation (Case 5). In the former 
situation interventricular septal motion may be nor- 
mal because (1) preexcitation in this area spreads 
very rapidly to the septum, thereby causing no signif- 
icant asynchrony of depolarization between the sep- 
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FIGURE 5. Case 2 (group la, type B WPW syndrome 
and atrial septal defect) Unretouched echocardio- 
grams. A, during a supraventricular rhythm with preex- 
citation. The interventricular septal motion is markedly 
abnormal. B, during an induced supraventricular tachy- 
cardia with a normal QRS pattern. The abnormal direc- 
tion of the interventricular septal motion persists with 
the decrease in the amplitude of excursion. 


tum and ventricular chambers, or (2) preexcitation 
actually occurs within the interventricular septum al- 
though the earliest epicardial breakthrough occurs 
over the right ventricle posteriorly. This latter possi- 
bility is supported by more recent experiences with 
direct epicardial mapping in some patients undergo- 
ing surgical interruption of the accessory bundle for 
recalcitrant tachycardia in the WPW syndrome. In 
these studies it was found that the anomalous path- 
way is located within the interventricular septum, 
whereas the earliest epicardial breakthrough occurs 
at a distant site in the right or left ventricular free 
wall.18 None of our patients had electrophysiologic 
evidence of more than one anomalous pathway, as re- 
ported in some series.!? 

Tajik et al.2° reported a case of Ebstein's anomaly 
of the tricuspid valve and a type B WPW pattern in 
which epicardial mapping localized the area of preex- 
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. citation to the acute margin of the right ventricle. 
. Preoperatively septal motion in the echocardiogram 


was similar to the abnormal septal motion in our 
cases of type B WPW syndrome. After surgical inter- 
ruption of the bypass tract, together with right ven- 
tricular and tricuspid valve anuloplasty, the septal 
motion remained abnormal, possibly because of re- 
sidual right ventricular overload, although the pa- 
tient's postoperative course was complicated by car- 
diac tamponade and significant pericardial effusion. 
Mechanism of abnormal septal motion: The ab- 
normal interventricular septal motion in right ven- 
tricular preexcitation is similar to that recorded in 
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cases of complete left bundle branch block.9-13 Cons 


sequently, the mechanisms responsible for abnormal 
septal motion in both these conditions may be simi- 
lar, although in neither case are the exact mecha- 
nisms known. In both conditions, abnormal septal 
motion appears to be related to an altered sequence 
of ventricular depolarization since normalization of 
the QRS complex produces normal septal motion. 
However, whether the abnormal septal motion is en- 
tirely the result of an altered sequence of ventricular 
depolarization or is due to a resultant alteration in 
the timing of hemodynamic events has yet to be de- 
termined. 
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A clinically heterogeneous group of 48 subjects (aged 19 to 76 years) 
were searched for a fourth heart sound (S4) by three independent 
"blind" auscultators. Phonocardiograms recorded immediately after 
auscultation were measured by another *''blind" observer. An S4 was 
identified in 32 subjects (67 per cent) in phonocardiograms with nomi- 
nal filter peaks of both 70 and 35 hertz. Results in these subjects re- 
vealed two groups by auscultatory performance: those with an *''easily 
heard" and those with an “easily missed" S4. Subjects with an “easily 
missed" S4 were significantly younger than those with an *''easily 
heard" S, (31.2 + 2.8 years versus 50.0 + 4.0 years, P « 0.001). P-R 
and P-S, intervals and relative amplitude of S4 (ratio of fourth to first 
heart sound | S4] amplitude) were not significantly different in the two 
groups. Splitting of the first heart sound (S4) was observed more fre- 
quently in the phonocardiogram of patients with an “easily missed" 
S4, but this trend did noi reach statistical significance. The interval be- 
tween S, and the low frequency component of S4, was significantly 
short in those with an “easily heard" S4 (49.4 + 4.1 msec versus 70.0 
+ 5.0 msec, P <0.005). The mean S,4-S, (low frequency component) 
interval for the group with an “easily heard" S4 approximated 1 cycle 
length for S4 vibrations, a finding consistent with temporal acoustic 
summation. An alternate hypothesis is modification of S4. 


The audibility and significance of some fourth heart sounds have 
been disputed, particularly in normal older subjects.!-9 Because it is 
sometimes difficult to differentiate the fourth heart sound and split- 
ting of the first heart sound when two or more sounds are received by 
the human ear in close sequence, we designed a prospective, com- 
pletely blinded auscultatory and phonocardiographic investigation of 
auscultatory performance that took into account characteristics of 
the fourth heart sound, the components of the first heart sound and 
their mutual relations. 

The investigation was based on two premises: (1) Although results 
of phonocardiography and auscultation are not directly interchange- 
able, the phonocardiogram is the standard reference for “scoring” 
auscultation; and (2) with biases minimized by “blinding” both the 
auscultators and the phonocardiographic interpretations, any statis- 
tically significant agreements and disagreements between the respec- 
tive results would not be by chance. 

We deliberately investigated a clinically heterogeneous group be- 
cause the concern was audibility rather than significance of recorda- 
ble fourth heart sounds. Thus, it must be emphasized that we exclud- 
ed any consideration of the pathologic correlates of audible or record- 
able fourth heart sounds. 
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Material and Methods 


The subjects studied were a heterogeneous group of 50 
consecutively examined ambulatory subjects with sinus 
rhythm (aged 19 to 76) including normal persons and pa- 
tients. Phonocardiograms were recorded on a Schwarzer 
model P622 at a paper speed of 50 mm/sec at nominal filter 
peaks of 35 and 70 hertz with respective slopes of 7.5 and 
18 db/octave. 'The microphone has a flat response from 20 
to 1,000 hertz with a rolloff of only 3 db/octave. 

Initially, three observers independently listened to the 
heart without clinical knowledge of the subject examined. 
Each observer scored the audibility of the fourth heart 
sound (S4) as “yes,” “maybe” or “no” at three different 
locations: apex (patient in left lateral decubitus position) 
and apex and lower left sternal border (patient in supine 
position). At the same time, all three observers tried to de- 
. fine, in addition to S4, any auscultatory splitting of the first 
heart sound (Si) when more than one sound was audible in 
proximity to S4. 

After all three observers had independently recorded 
their findings, phonocardiograms with simultaneous elec- 
trocardiogram were then recorded beginning with the left 
lower sternal border at the same locations and patient posi- 
tions as during auscultation. Amplitude of the phonocar- 
diogram was standardized for each subject as the maximal 
gain compatible with a good baseline with the microphone 
at the left lower sternal border and the patient supine; it 
was kept constant at subsequent locations. S4 was defined 
as discrete vibrations consistently following atrial systole 
and preceding the QRS complex of the electrocardiogram. 


Definitions 


For interpretation of results, the following definitions 
were selected in advance of the investigation: 


Auscultation 


1. Audible S4: All three observers agree (score yes") on 
the presence of S4 at any one or more of the three standard 
locations. 

2. Probably audible S4: At least one of the three observ- 
ers suspects (score ‘““maybe’’) and two observers are con- 
vinced (score **yes") S4 is present. 

3. Possibly audible S4: No agreement on interpretation 
(one observer is convinced, one suspects and the last denies 
S4 is present), or all three observers suspect the presence of 
S4 but none is convinced of it. 


FIGURE 1. S4: Cycle to cycle variability of S4. 

Example of striking variation in S4 amplitude. 

The variation was less in most patients. ECG II 

. . — electrocardiogram (lead Il); Hz = hertz; PCG 
-= = phonocardiogram. 


pears 
awa 





EENC DI 


7 V5 Ut E ep a a TC ae LA 
AUNT 1o abes EARN Ain an M oc cT CN VPE 
1 ! A 4 e VA .- qu af A Vs | ^ 


VALOIR TIR, er y 


FU s e 7 "m x "WW AORN 
FOURTH HEART SOUND—KINO ET AL. 


4. No S4 One or no observers suspect S4 (score 
"maybe"); the others deny its presence (score no"). No 
observer scores “yes.” 


Phonocardiogram 


a. Definite S4: Definite vibrations following the P wave 
and preceding the QRS complex of the electrocardiogram 
and recorded with 70 hertz (as well as 35 hertz) filters at 
any precordial location. | 

b. Possible S4: Definite vibrations, but recorded only 
with 35 hertz filter at any precordial location. MUS 

c. Absent S4: No definite vibrations in any filter range 
at any precordial location, supine or in left lateral decu- 
bitus. | 

Split Sı: Obvious separation or apparent discontinuity 
of high frequency S, vibrations on inspection of S; by 
blinded observer. 


Graphic Measurements 


P-R interval: P-R interval in electrocardiogram (lead II). 

54-5; (low frequency component): Interval from the 
first vibration of S4 to the first low frequency vibration of 
Si. | 
S4-Im: Interval from the first vibration of S, to the first 
high frequency vibration of S; (Im). | 

P-S4: Onset of P wave in the electrocardiogram to initial 
vibration of S,. , 

P-S4P: Onset of P wave in the electrocardiogram to the 
peak vibration of S4. 

S4/S,: Amplitude ratio of peak vibrations of S4 and S4. 
Since S4 amplitude in many cases varied considerably and. 
S4 was absent in some cycles (Fig. 1), we measured the 
maximal S, vibration. | 

Splitting of Sı: A definite pause between the major high. 
frequency vibrations of S4, defined as splitting by phono- 
cardiogram. 


Results 


Results are summarized in Tables I and II. Results 
of auscultation for S4 in all subjects were classified 
according to the numerical system (1 to 4) described 
under Auscultation and the alphabetic system (a to 
c) described under Phonocardiogram (Table I). Two 
of the 50 patients were excluded from this study 
since one had left bundle branch block and another 
had a technically poor phonocardiogram. 
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TABLE! 
Results of Auscultation and Phonocardiography in 48 Cases 





Phonocardiographic Group 








a b C 
Auscultation group (definite S,) (possible S,) (absent S,) 
1. Audible S, 10 3 
2. Probably audible 6 5 0 
j S 
3. Possibly audible 15 3 2 
y» S, 
4. No S, 1 1 1 
= Total 32 12 4 
Prevalence rate 67% 25% 8% 





—— Since this investigation concerns audibility factors 
‘and since phonocardiographic groups b and c were 
relatively small, we analyzed only the 32 subjects 
with an unequivocal S4 by phonocardiogram which 

- would be susceptible to auscultation, that is, phono- 

cardiographic group a, in whom the S4 was passed by 

the 70 hertz filter. (This frequency is generally 
agreed to be well within the audible range.) The anal- 
_ ysis produced two subgroups: 

— Group A (auscultation group 1 plus group 2: 16 pa- 

tients with an “easily heard" S, [Fig. 2]). 

— Group B (auscultation group 3 plus group 4 [single 

patient] included in phonocardiographic group a: 16 
_ patients with an “easily missed" S4 [Fig. 3]). 

— Results from groups A and B are summarized in 
"Table II. None of these subjects proved to have P-R 
"prolongation. Age was significantly different in the 
- two groups (P «0.001). Thus, S4 was easily heard in 
older persons and easily missed in younger persons. 

- 84-8, (low frequency component) and S4-Im were 
significantly shorter in group A, in whom S4 was 
“easily heard," than in group B, in whom S4 was 
“easily missed" (P «0.005 and P «0.01, respectively). 
The S4-S, (low frequency component) accounted for 
the differences in S4-Im (first high frequency vibra- 
. tion) (Table II). 

Relative S4 amplitude (S4/S, ratio) was not sig- 
nificantly different in Groups A and B. Splitting of 
Sı showed no statistical difference in the two groups 
as assessed by phonocardiogram (P >0.05), whereas 

by auscultation, when S4 was missed, splitting of Sı 


TABLE II 


was almost always heard, and when S4 was heard, Sı 
was often single, that is, there was no audible split- 
ting (Table II). By auscultatory assessment, the pres- 
ence of splitting of Sı was significantly different (P 
<0.005) in groups A and B. The two groups did not 
differ significantly in P-R interval, P-S4 onset, P-S4 
peak or duration of S, vibrations (P »0.5, P >0.1, P 
»0.1, P 70.05, respectively). 
Discussion 

The normal adult human ear can recognize sound 
ranging from 20 to 16,000 hertz; frequencies of 10 to 
about 800 hertz represent the range of the heart 
sounds. Virtually all heart sounds are a mixture of vi- 
brations at various frequencies. The dominant fre- 
quency of S4 has been observed to be 10 to 150 hertz, 
rarely 500 and usually 10 to 40 hertz.’-* For pure 
tones audibility in the very low frequency range re- 
quires very high intensity. We assumed that an une- 
quivocally audible S4 would be intense enough to 
pass a 70 hertz filter although frequencies considera- 
bly lower than 70 hertz may be audible when S4 has 
sufficient intensity and sounds at frequencies higher 
than 70 hertz may not be audible when their intensi- 
ty is too small. 

In half of the patients (16 of 32) with an S4 by pho- 
nocardiogram, S4 was “easily heard," that is, detected 
by all or most of our auscultators. When the blinding 
code was broken, certain measurements appeared to 
correlate with the auscultatory results; others did 
not. 

Relative S4 amplitude: As expected, Sı always 
had enough intensity to be perceived clearly by our 
auscultators. We therefore measured relative ampli- 
tude of S4 as the ratio of S4 to S; amplitudes in the 
phonocardiogram (S4/S,). This ratio was not signifi- 
cantly different in groups A and B and therefore did 
not affect differences in the sound perceived by aus- 
cultators as S4. 

S,-S; interval: It has been stated that it is easier 
to hear S4 as the S4-S, interval becomes longer.!? Al- 
though this concept would appear to be reasonable, it 
was not validated by observer performance studies, 
and our results show that the intervals S4-S; (low fre- 
quency component) and S,-I, (first high frequency 
vibration) were significantly shorter (P <0.005) when 
S4 was easily heard (Fig. 4). 


- Analysis of all 32 Cases With Unequivocal S, by Phonocardiogram According to Auscultatory Group (mean + standard error) 








Patients with 











Interval Split S, (no.) 
HR P-R P-S,(onset) P-S,(peak) SyS, LFC S,-lm Ausculta- 
Group no. Age (yr) (beats/min) (msec) (msec) (msec) (msec) (msec) S,/S, PCG tion 
A 16 5024.0 80.154 14.0 158.8+46 1256+5.0 135.9+4.2 49.4*4.1 766+3.7 0.092 + 0.017 8 5 
B 16 31.2+2.8 748-144 1556-5.8 115.6+5.3 1247+60 70.0*5.0 925+46 0.073+0.016 14 14 
P «0.001 20.2 20.5 >0.1 « 0.005 «0.01 20.2 20.05 «0.005 
HR = heart rate; Im = "mitral" (first high frequency) component of S,; LFC = low frequency component; P = significance of difference 


(group A versus group B); PCG = phonocardiogram. 
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FIGURE 2. S, recognized by auscultation. There is no splitting of S, 
(S4 vibrations are continuous). The S4-S, (low frequency compo- 
nent) interval is 40 msec; the S,-l,, (first high frequency vibration) 
interval is 60 msec. 
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FIGURE 3. S4 missed by auscultation. The S,-S, (low frequency 
component) interval is 80 msec; the S,-I,, (first high frequency vi- 
bration) interval is 100 msec. 
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When auscultating for events in proximity to S4, it 
is more common to hear two rather than three events, 
namely S4 plus S; or splitting of S, or S, plus a sys- 
tolic click. Our S4-S, interval results suggest that S4 
is missed when it is far apart from S, and easily de- 
tected as an S4 when it is sufficiently close to S4. 

Short S,-S; interval: Enhanced audibility associ- 
ated with a significantly short S4-S; interval may be 
related to the following factors: 

1. Merging effect: Our results suggest that a criti- 
cal interval between S4 and the low frequency compo- 
nent of S; may permit these vibrations to act like one 
sound of longer duration, since both sounds usually 
include comparable dominant frequencies of about 
20 hertz. Therefore, the mean separation of 49 msec 
represents approximately 1 cycle length (50 msec). As 
compared with easily missed S4, this result was not 
accidental (P <0.005). Thus, this S4-S; (low freq 
cy component) interval may represent a criti 
that is short enough to permit sufficient t 
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S4 easily heard 


S4 easily missed 


FIGURE 4. Summary diagram. Easily heard S, is closer to S, (low 

frequency component) than easily missed S4. Although S4/S, ampli- 

tude ratio is the same, there is a tendency (not significant) to split- - 
ting of S, as assessed by phonocardiogram in patients whose S, is 

easily missed. LFC = low frequency component of S4. 


summation or bridging of S4 and low frequency vi- 
brations of S; to permit an adequate “tonal percep- 
tion time," as noted by Fletcher.!! Under these cir- 
cumstances it seems significant that, for subjects 
with an easily heard S4, the mean critical separation 
from the low frequency component of S, of 1 cycle 
length may have been the physical equivalent of a 
longer train of vibrations, since longer duration 
makes low frequency vibrations more easily heard.9:!! 

2. Modification of Sı: Our result is also compat- 
ible with an alternative hypothesis: modification of 
the auscultatory quality of S1 by the preceding low 
frequency vibrations or their physiologic counter- 
parts, with or without merging or temporal summa- 


. tion. Thus, S4 and the low frequency component of S, 


closely separated at a critical interval may change the 
acoustic quality of the high frequency vibrations of 
$1, masking or lowering the pitch of the early compo- 
nent of an S, split to sound like an S4-S; combina- 
tion, whereas the phonocardiogram may display 
three events: S4, the low frequency component of S, 
and splitting of S4. 

Varying amplitude of S4: Because the cycle to 
cycle amplitude of S4 often varied greatly (Fig. 1), 
one or another auscultator might have missed S4 be- 
cause he was better attuned when it faded off. How- 
ever, auscultation in each position was of sufficient 
duration to make this possibility unlikely. 

Splitting of S;: Although our results indicate that — 


«the prevalence of splitting of Sı was not statistically 


ferent in groups A and B, S4 tended to be more 
heard when there was no splitting of S, (Table 
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ID. This trend was strongly associated with the high- 


ly significant age differences. 
Age: Splitting of S, is often described in young 


persons and less commonly in middle-aged and older 
people. Our results were consistent with this tenden- 
- cy. Since it is reasonable to consider splitting of S; 
one of the factors making interpretation of S4 diffi- 


cult, such splitting may at least have contributed to 


.S4 being more easily missed in our younger than in 
our older group. 


It has been repeatedly reported that old normal 
subjects have age-related diminished cardiac func- 


"tion that will become obvious on comparison with 


findings in young normal subjects, for example, on 


- stress testing.!2-!9 It has also been shown that Sy, at 


least by phonocardiogram, is a common finding in 
normal and abnormal ambulatory older subjects.2-46 

Braunwald and Frahm!? reported that the time in- 
terval between the peak a wave of the left ventricular 
pressure curve and the onset of ventricular contrac- 
tion tends to decrease as left ventricular end-diastolic 
pressure increases. Since the audible component of 
S4 is supposed to be the result of ventricular filling 
associated with the “atrial kick," 18-2 and the low 
frequency component of S; is associated with early 
ventricular contraction,???? this interval is probably 
correlated with our S4-S,; (low frequency component) 
measurement. When the latter interval is short, it 
may be a sign of decreased compliance associated 
with aging in group A. 
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Experimental Myocardial Infarction 


XII. Dynamic Changes in Segmental Mechanical Behavior of 
Infarcted and Non-infarcted Myocardium 


PANTEL S. VOKONAS, MD The mechanical behavior of ischemic myocardium was studied in 
FAROUK A. PIRZADA, MD anesthetized open chest dogs. In each animal, a small well localized 
WILLIAM B. HOOD, Jr., MD myocardial infarction was produced by ligation of a single ventricular 


branch of the left circumflex coronary artery. Serial in situ measure- 
ments of segment length were made by mercury-in-Silastic gauges su- 
tured directly to the left ventricular surface. After coronary ligation, 
systolic aneurysmal bulging of the ischemic segment was uniformly 
noted. This was quantified as follows: normalized segment length 
change in this region, expressed in muscle lengths (where muscle 
lengths — phasic segment length amplitude/end-diastolic segment 
length), immediately increased from 0.06 + 0.01 (standard error of 
the mean) to 0.10 + 0.02 muscle lengths (+67 percent, P « 0.02). 
Over a 6 hour period, muscle lengths progressively declined to near 
control values, but retained an aneurysmal contour. End-diastolic seg- 
ment length increased 5 percent above control values after coronary 
occlusion and remained fixed at this level for 6 hours. In contrast, non- 
infarcted myocardium exhibited no significant changes in muscle 
length or end-diastolic segment length. 

These studies demonstrate that the degree of systolic aneurysmal 
bulging in infarcted myocardium, although initially great, resolves 
within 6 hours but retains an aneurysmal contour. These findings are 
consistent with either partial return of contractility or diminished local 
compliance, but persistence of an aneurysmal shape favors the latter 
mechanism. The fixed increase in end-diastolic segment length 
suggests that “‘stress-relaxation” takes place in the infarcted region. It 
is possible that diminished compliance in zones of infarction, previous- 
ly noted after several days, begins within a few hours after the onset 
of ischemia. 


Boston, Massachusetts 


The mechanical behavior of ischemic myocardium after coronary ar- 
terial occlusion and its relation to cardiac performance have been the 
subject of recent investigations in experimental animals and in pa- 
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‘Address for rabana Hatte S: Vokonds, MD myocardium, the dissipation of contractile force to maintain tension 
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E 4. Schematic drawing of the anterior Saco of the canine 
| left ventricle, showing the position of two mercury-in-Silastic seg- 
Y ment. length gauges attached transversely to normal epicardium 
. (control gauge) and to the area perfused by the ligated branch of the 
dad circumflex coronary artery (infarct gauge). Pressure was mea- 
La sured with use of a short catheter attached directly to a strain gauge 
f and placed through the left ventricular apex. LA = left atrium; LAD 
= left anterior descending coronary artery; LCf = circumflex coro- 
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tidy the extent and time course of these segmental 
_ mechanical changes in a model of canine myocardial 
` infarction not characterized by either an extensive 
-loss of functioning myocardium or a serious deterio- 
. ration in hemodynamic performance. These experi- 
E ments were carried out to assess the early phase of 
à S etbérimental ischemia, to determine whether resolu- 
- tion of the aneurysmal bulge is noted at this stage, 
^ . and if so, to relate such changes to changes in compli- 
| ance. 
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Methods 


i Studies were performed in eight mongrel dogs weighing 
17 to 23 kg and anesthetized with 30 mg/kg body weight so- 
E dium pentobarbital given intravenously. After endotra- 
nd _ cheal intubation, positive pressure ventilation was main- 
- tained by a Bennett model PR-1 respirator with use of 
. room air supplemented with 40 percent oxygen. A left tho- 
$, | racotomy was performed and the exposed heart was sup- 
ported: in a pericardial cradle. A single ventricular branch 
of the left circumflex artery was carefully dissected free 
. near its origin and a ligature passed beneath the vessel 
à pie 1). After control measurements were obtained, the ar- 
_ tery was occluded by tying the ligature at this point. Using 
. this technique, a small well cireumscribed myocardial in- 
. farction l to. 2 ur a diameter was consistently produced 
. (see later). T 


, T , a Í $ " Au $t 
dei A PLA i EA. ia ir a 


1 (3 





Seoul alii and Other Maasiramiseke. 


Measurements of segment length were made by dhori 
mercury-in-Silastic length gauges? (inner and outer diame- 
ter 0.012 and 0.025 inch, respectively [0.036 and 0.064 cm]; 
Parks Electronics, Beaverton, Ore.) positioned directly 
over the anterolateral left ventricular surface in a 
transverse orientation (Fig. 1). Each end of the segment 
length gauge was anchored in place by means of a small (8 
mm diameter) Teflon® button sutured directly to the epi- 
cardium. Two gauges were implanted, one positioned over 
the myocardial region to be made ischemic and the other 
over an adjacent segment of normal myocardium. The 
gauges positioned over the area to be made ischemic were 
specially constructed to be short enough (1 to 2 cm) to sam- 
ple primarily ischemic muscle. Each gauge was calibrated 
before and after each experiment and showed stable gain 
and linearity. 

Simultaneous left ventricular pressure measurements 
were made with use of a short polyethylene cannula insert- 
ed into the left ventricle at the apex and attached directly 
to a Statham P23Db pressure transducer. The zero point 
for pressure measurements was set at the level of the mid- 
left ventricle. In addition, the electrocardiogram and aortic 
pressure were recorded. Simultaneous phasic recordings of 
all signals were made on a direct-writing recorder (Brush 
480). Serial measurements were performed under control 
conditions 5, 15, 30 and 60 minutes after coronary ligation, 
and at hourly intervals thereafter for a total of 6 hours. An 
external drip infusion of physiologic saline solution was 
used to keep the ventricular surface moist throughout the 
period of study to prevent drying of the epicardium. After 
these studies, the gauges were removed, the thoracotomy 
closed and the animal permitted to recover. Twenty-four 
hours after coronary ligation, the animal was killed by in- 
jection of an overdose of sodium pentobarbital. The heart 
was excised, and full thickness sections of the ventricular 
wall through both normal and infarcted regions of the myo- 
cardium were removed for gross and histologic study. The 
presence of a well circumscribed zone of myocardial necro- 
sis directly underlying the previous position of the infarct 
gauge was thereby objectively confirmed in each animal. 


Data Analysis and Calculations 


Phasic recordings of segment length were analyzed to de- 
termine end-diastolic segment length and the total ampli- 
tude of the phasic segment length oscillation during each 
cardiac cycle (Fig. 2). To permit a comparison of changes in 
segment length in both normal and ischemic myocardial 
segments in the same animal and among animals using 
gauges that necessarily differed in initial length, each pha- 
sic segment length amplitude (ASL) was normalized to its 
respective end-diastolic segment length (EDs) as shown: 


Normalized segment length amplitude = ASL/EDgr 


Hereafter, this dimensionless normalized value is referred 
to as muscle lengths since it defines fractional shortening 
or lengthening in the epicardial muscle segment to which 
the gauge is attached. 

In this study, changes in measurements of both phasic 
segment length amplitudes and corresponding muscle 
lengths were used to assess the degree of aneurysmal bulg- 
ing observed after coronary occlusion. 

Pressure-length loops were derived by constructing con- 
tinuous plots of normalized segment length (infarct gauge) 

versus simultaneous left ventricular pressures at 20 msec 
intervals throughout the cardiac der in [E dom 
beats befor? and after coronary Tiaan | 
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FIGURE 2. Top, high gain (rapid paper speed) LENGTH- 
and low gain (slow paper speed) tracings of left INFARCT 
ventricular (LV) pressure before (pre) and im- ( mm J 


mediately after (post) coronary occlusion. Cen- 


ter, segment length tracings from the infarct 


gauge. Bottom, tracings from the control 
gauge. The aneurysmal bulge appears in the in- SEGMENT 


farct gauge tracings after occlusion, but is ab- LENGTH- 
sent in the control gauge tracings. The latter CONTROL 
also show no changes in left ventricular systol- (mm / 


ic peak or end-diastolic pressures. ASL = 
phasic segment length amplitude; EDs, = end- 
diastolic segment length. 


TABLE | 


Hemodynamic Measurements Before and After Coronary 
Occlusion (mean values + standard error of the mean) 


Left Ventricular 


End-Diastolic Aortic Mean 

Pressure Heart Rate Pressure 

(mm Hg) (beats/min) (mm Hg) 

Control 4.4 * 1.8 152-48 101-*«4 
Postocclusion 

15 Minutes 5.1+2.0 148 +9 105 +4 

30 Minutes 4.6 * 1.8 14749 106 *4 

1 Hour 5.1 *2.1 147 + 10 110+6 

2 Hours 5.3+2.0 144 + 10 109 +5 

3 Hours 49+19 149 +10 109 +4 

4 Hours 44-7139 149 + 10 105 +5 

5 Hours 46+19 151+8 107 +4 

6 Hours 40+1.7 152 +9 107 ż4 

Results 


Mechanical effects of acute coronary arterial 
occlusion: The effects of acute coronary occlusion on 
left ventricular pressure and segment length in the 
ischemic myocardial segment and in a segment of 
normal myocardium are shown in Figure 2. Before 
coronary occlusion, phasic recordings of segment 
length during the cardiac cycle were characterized by 
lengthening during the isovolumic period. Systolic 


shortening followed during the left ventricular ejec- 


tion period and phasic segment length amplitude fur- 
ther decreased during isovolumic relaxation. 
Immediately after coronary occlusion there was a 
marked increase in the phasic segment length ampli- 
tude and the development of systolic aneurysmal 
bulging, as indicated by the rounded systolic con- 
tours, during the period of left ventricular ejection. 
End-diastolic segment length showed a small but 


consistent increase after coronary occlusion (see 


later). In comparison, no significant segment length 
changes were observed in the normal myocardial seg- 
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FIGURE 3. Segment length tracings of single complexes recorded 
at a rapid paper speed from the ischemic area before, during and 1, 
2, 4 and 6 hours after coronary occlusion. The aneurysmal contour 
noted after occlusion persists throughout the study, despite a de- 
crease in the overall amplitude of the segment length tracings with 
passage of time. 


ment after coronary occlusion (Fig. 2) or in measured 
values of left ventricular end-diastolic pressure, heart 
rate or aortic pressure (Table I). | | 

Time course of change in segmental mechani- 
cal characteristics: Figure 3 shows representative 
phasic segment length tracings in the ischemic seg- 
ment sequentially recorded at rapid speed during the 
6 hour period. Segment length amplitude increased 
in comparison with control values for 1 to 2 hours 
after coronary occlusion. By 6 hours, however, phasic 
segment length amplitude had progressively de- 
creased, approaching values observed in the control 
period. The rounded aneurysmal systolic contour 
that occurred immediately after coronary occlusion 
typically persisted for the remainder of the experi- 
ment. This suggests that active systolic contraction 
during left ventricular ejection does not return dur- 
ing this period. Mean values for muscle lengths (nor- 
malized segment length amplitude) were determined. 
throughout the experimental period (Fig. 4). A signif- 
icant increase in muscle lengths occurred immediate- 
ly after occlusion, but values gradually returned to 
control levels over 6 hours, whereas no significant 
changes occurred in the nonischemic segments. 
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.FIGURE 4. Muscle lengths (normalized segment length amplitude) 


- for both infarcted and control segments throughout the course of the 


| experiment. Horizontal bars indicate the standard error of the mean. 
. Significant increases in muscle lengths over the initial value are 


‘noted up to the 3rd hour after coronary occlusion (P «0.05, paired 


_ differences). No significant changes were noted in the control seg- 


— 


ment. Muscle length = phasic segment length amplitude ( ASL)/end- 


diastolic segment length (EDs, ). 
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FIGURE 5. Percent changes in end-diastolic segment length (EDs) 
throughout the course of experiment, using the preocclusion end- 
diastolic segment length value as the reference value. Horizontal 


bars indicate standard error of the mean. End-diastolic segment 


length in the ischemic segment increased significantly (P <0.05) 
immediately after occlusion and remained stable thereafter. There 
were no significant changes in the control segment. 


Mean values for end-diastolic segment length were 


also computed (Fig. 5). There was an immediate in- 


crease in end-diastolic segment length in the isch- 
emic myocardium, and this higher value continued 
throughout the experiment even though there were 
no signficant increases in left ventricular end-diastol- 
ic pressure (Table I) and no changes occurred in the 
control segment. 

Pressure-length relations in the ischemic seg- 


ment: To provide an additional frame of reference 
for analyzing segmental changes, instantaneous pres- 
‘sure-length loops obtained from the ischemic seg- 


ment in one experiment are shown in Figure 6. The 


control beat shown is characterized by a counter- 
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FIGURE 6. Pressure-length loops reconstructed by plotting instanta- 
neous pressure versus segment length from single cardiac cycles, 
recorded in a representative experiment. Open circles show a con- 
trol (preocclusion) loop, triangles a loop recorded 1 hour after oc- 
clusion and closed circles a loop recorded at 6 hours. Arrows show 
the direction of loop inscription. In this example values of muscle 
lengths are referenced to the control value of end-diastolic segment 
length (EDs.), designated as zero. ASL = phasic segment-length 
amplitude; LV = left ventricular. See text for discussion. 
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clockwise loop inscription indicating active shorten- 
ing during the ejection period and the performance of 
mechanical work by the muscle segment. One hour 
after coronary occlusion, the end-diastolic segment 
length is displaced rightward to a longer resting 
length, whereas the loop is displaced to the right and 
is inscribed in a clockwise direction, indicating 
lengthening during the ejection period. 

Six hours after coronary occlusion, the pressure- 
length loop continues to be inscribed in a clockwise 
direction, indicating the continuing absence of work 
performance by the segment. But the loop is now to 
the left of the position at 1 hour. The end-diastolic 
length remains elongated. These changes in configu- 
ration are in agreement with the findings of an initial 
increase followed by a decrease in phasic segment 
length amplitude observed in our 6 hour study period 
(Fig. 3 and 4). 


Discussion 
The development of aneurysmal systolic bulging of 


the ischemic portion of the left ventricular wall im- 
mediately after coronary occlusion has been shown 


experimentally by several investigators utilizing vari- 
ous techniques..:19-16 Similar focal abnormalities of 
left ventricular contraction have been observed in pa- 
tients after acute myocardial infarction in clinical 
studies using such techniques as ventriculography," 
radarkymography,!? apex cardiography!? and echo- 
cardiography.?? 

Previous studies have also demonstrated that 
acute depression in left ventricular performance after 
myocardial infarction is determined by a complex in- 
terrelation between at least three factors: (1) primary 
loss of functioning myocardium as determined by in- 
farct size measured before or after death,?'?? (2) sys- 
tolic bulging of the infarcted area, which permits 
local sequestration of blood and thereby reduces ef- 
fective stroke volume,'97 and (3) the contractile re- 
sponse of the nonischemic portion of the myocar- 
dium.? It has also been demonstrated that systolic 
aneurysmal bulging of the infarcted region usually 
resolves within 3 to 5 days after coronary occlusion 
and is related to increased stiffness of the infarcted 
segment.’ Such a mechanism could in part explain 
the time-dependent improvement in hemodynamic 
performance noted in the 1st week after myocardial 
infarction.^6 

In this investigation we studied segment length 
changes in the early stages of ischemia and infarction 
to determine the time of onset of alteration in the an- 
eurysmal bulge. We studied animals with small focal 
ischemic lesions, so that extensive loss of functioning 
myocardium and secondary hemodynamic changes 
would not complicate interpretation of the results. 
Thus, the changes observed reflect changes in the in- 
trinsic mechanical properties of ischemic myocar- 
dium and are not influenced by other mechanical fac- 
tors such as changes in preload and afterload. 

Phasic segment length changes of ischemic 
myocardium: Before coronary occlusion, control 
phasic recordings of epicardial segment length (Fig. 
2) show during the isovolumic period lengthening 
that is related to thickening of the ventricular shell as 
tension is developed.?? There is then a progressive 
downward slope reflecting active systolic shortening 
during the period of left ventricular ejection and a 
further more rapid decrease in phasic segment length 
amplitude during isovolumic relaxation as the ven- 
tricular shell becomes dynamically thinner. 

Aneurysmal systolic bulging of the ischemic seg- 
ment is observed immediately after coronary occlu- 
sion (Fig. 2). Similar immediate changes after isch- 
emia have been observed previously by other investi- 
gators-?!? and more recently by Banka and Hel- 
fant!’ in a study using epicardial segment length 
gauges. In our study these observations were extend- 
ed for 6 hours after coronary occlusion. Thus, our 
findings indicate that the amplitude of the aneurys- 
mal bulge noted immediately after coronary ligation 
gradually diminishes over 6 hours and returns to con- 
trol values by the end of the experiment (Fig. 3 and 
4). However, phasic recordings of segment length 
throughout the cardiac cycle show that a rounded or 
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aneurysmal contour is retained for the 6 hour period. 
These changes are accompanied by a fixed increase in 
end-diastolic segment length in the ischemic segment 
despite unchanged left ventricular end-diastolic pres- 
sures (Fig. 5, Table I), thus further suggesting the 
presence of viscous behavior (“creep”) in the isch- 
emic segment during the relaxation phase of the car- 
diac cycle.*4 

Changes in contractility versus compliance: It 
is clear that resolution of the aneurysmal bulge be- 
gins within hours after experimental coronary occlu- 
sion. Two interpretations of this change are possible: 
(1) There may be a gradual return of local contractili- 
ty, or (2) there may be a progressive increase in local 
stiffness. These possibilities are clarified by the di- 
agrams shown in Figure 6, in which representative re-- 
sults from one experiment are presented in the form 
of pressure-length loops. In the control (preocclu- 
sion) loop, inscribed in a counterclockwise direction, 
active work is being performed by the segment. Am- 
plitude along the length scale reflects primarily 
shortening during ejection. One hour after occlusion, 
a clockwise nonworking loop is inscribed; that is, the 
muscle segment no longer performs work, but now 
external mechanical work is being performed on the 
segment.!6 Phasic segment length amplitude now re- 
flects the degree to which ischemic noncontractile 
myocardium is dynamically stretched by intracavi- 
tary pressure during systole. The increase in resting 
end-diastolic length, despite absence of an increase in 
end-diastolic pressure, may represent the effects of 
repeated stretching of muscle during systole and may 
indicate the presence of “‘stress-relaxation.” These 
effects of ischemia are initially due to loss of contrac- 
tility since aneurysmal bulging may be abolished in 
the early phases of ischemia by infusion of inotropic 
agents directly into the ischemic segment.! Six hours 
after occlusion, a clockwise nonworking loop configu- 
ration persists, but the amplitude along the length 
scale is reduced; that is, the extent of aneurysmal 
bulging is diminished. Since there is no change in the 
overall loop configuration, and no decrease in the 
resting end-diastolic length, the results suggest that 
increased stiffness of the ischemic segment is respon- 
sible for reduction in amplitude of the aneurysmal 
bulge. Some information is available concerning com- 
pliance changes in acute experimental myocardial 
ischemia. An early increase in overall compliance of 
the focally ischemic left ventricle, measured from 
postmortem pressure-volume curves,?? has been doc- 
umented.?9 Our findings are compatible with this ob- 
servation but also suggest that a subsequent decrease 
in compliance may occur over the next few hours. 
Presumably, these changes subsequently progress to 
the point of much penta stiffening, documented to 
occur after several days.’ | 

Mechanism of changes in compliance of in- 
farcted segment: The precise mechanism for these 
changes in the viscoelastic properties of ischemic and 
subsequently infarcted myocardium are uncertain. 
Initially, passive stretch of the Hopton tne myo- 


v 1? 


cardium during systole may disrupt the myofibrillar 
architecture or its supporting elements.?6 Subse- 
quently stiffening occurs, perhaps as a consequence 
of tissue edema or the early cellular infiltration that 
is known to occur within hours after coronary occlu- 
sion, or possibly as a result of an intracellular process 
analogous to rigor mortis.?’ The process of stiffening 
. in the chronic phase may differ from that observed in 
the acute phase since infarcted tissue is ultimately 
replaced by collagenized fibrous tissue.? 
Despite irreversible loss of a segment of the left 
ventricular wall that now no longer contracts, and 
that therefore does not contribute to stroke output, 
progressive stiffening of the infarcted segment and 
resolution of aneurysmal bulging may at least permit 
partial reversal of two of the mechanical factors that 
contribute to the deterioration in overall left ventric- 
ular function. Thus, contractile force would no longer 
be dissipated to maintain tension in the ballooning 
segment, and diminished displacement of blood with- 
in the ventricular chamber during systole would per- 
mit a corresponding increase in stroke volume. These 
mechanisms may in part explain the observed time- 
dependent improvement in hemodynamic perfor- 
“mance during the 1st week after myocardial infarc- 
 tion.?6 
— Clinical implications: The bearing of these exper- 
imental results upon clinical observations in acute 
and chronic ischemic heart disease deserves com- 
ment. Diminished left ventricular compliance has 
- been documented in both acute myocardial infarction 
and the chronic phase of coronary artery disease.??:?0 
Some investigators???? have also obtained evidence 
to suggest that an acute decrease in left ventricular 
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compliance accompanies the transient coronary isch- 
emia of angina pectoris, but the mechanism may in- 
volve systolic tension prolongation of the type ob- 
served during experimental reperfusion of ischemic 
myocardium??? rather than changes in compliance 
as such. Thus far, a transient phase of increased com- 
pliance of ischemic tissues in the early phases of in- 
farction in patients has not been documented. 

The occurrence of ventricular aneurysm in patients 
with symptomatic coronary artery disease and the 
correlation of such abnormalities with various clinical 
and hemodynamic indexes of left ventricular failure 
is now well established.!? Less certain is the relation 
between left ventricular performance and the effects 
on segmental compliance produced by pathologic 


changes known to occur in infarcted myocardium, 


that is, progressive myocardial fibrosis during the 
weeks and months after an acute insult. In this re- 
gard, a recent study by Parmley et al.?? estimated the 
mechanical disadvantages to overall left ventricular 
function produced by ventricular aneurysms removed 
at cardiac surgery from patients with coronary artery 
disease. Muscular aneurysms were estimated to have 
a considerably greater mechanical disadvantage than 
either mixed fibrous and muscular or fibrous aneu- 
rysms. Since in each instance there was a significant 
loss of centracting myocardium, it is of interest that 
those aneurysms that retain the features of paradoxi- 
cal systolic bulging and diminished local stiffness 
provide the greatest additional mechanical burden to 
left ventricular function. These findings are consis- 
tent with our short-term observations regarding the 
dynamic evolution of ventricular aneurysm after 
acute experimental myocardial infarction. 
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Several studies have questioned the efficacy of lidocaine in reducing 
the incidence of ventricular fibrillation shortly after acute myocardial 
infarction when arrhythmogenic mechanisms may be different from 
those operative several hours later. To determine whether lidocaine 
inhibits the occurrence of early ventricular fibrillation, the left anterior 
descending and septal coronary arteries were occluded at their origins 
in open chest anesthetized dogs. Fourteen of 16 control dogs died with 
ventricular fibrillation. Fifteen dogs received two different dose regi- 
mens of lidocaine before coronary occlusion. Of the 11 treated dogs 
maintaining lidocaine blood levels within the accepted therapeutic 
range (1.2 to 5.5 ug/ml), 6 survived (P <0.05). Five dogs received the 
larger dose; all died, four having blood levels of 6.3 ug/ml or greater at 
the time of death. Ventricular fibrillation threshold also increased in six 
of eight dogs when lidocaine was administered after coronary occlu- 
sion. It is concluded that lidocaine at blood levels of 1.2 to 5.5 ug/ml 
significantly reduces the incidence of ventricular fibrillation early after 
coronary occlusion. Administration of this agent therefore may be of 
particular value in the early phase of acute myocardial infarction. 


Lidocaine is used commonly to treat ventricular arrhythmias in pa- 
tients with acute myocardial infarction and, although it abolishes 
ventricular premature contractions in patients in the coronary care 
unit,! its effectiveness in preventing ventricular fibrillation and death 
has not been demonstrated. In the dog, administration of lidocaine 
before coronary occlusion increased the ventricular fibrillation 
threshold.” This beneficial effect was directly related to the concen- 
tration of lidocaine in the blood and was present minutes after coro- 
nary occlusion. However, controversy exists concerning the ability of 
lidocaine to prevent spontaneous ventricular fibrillation after coro- 
nary occlusion.?^^ Moreover, some observers have suggested that lido- 
caine administered early after coronary occlusion may have deleteri- 
ous effects on cardiac rhythm. 

In this series of investigations in dogs, we assessed (1) the effective- 
ness of lidocaine therapy in preventing spontaneous ventricular fi- 
brillation shortly after acute coronary occlusion, and (2) the effect of 
lidocaine administration on ventricular electrical stability when the 
drug is administered after coronary occlusion. 


Methods 


Male mongrel dogs, 16 to 30 kg in weight, were used in all experiments. 
Each dog was anesthetized with intravenously administered sodium pento- 
barbital (30 mg/kg body weight). A catheter was introduced into the femoral 
artery for pressure recording and into a limb vein for drug administration. 
Standard subcutaneous electrodes were inserted for recording the electrocar- 
diogram. The heart was exposed through a left thoracotomy during positive 
pressure ventilation. 
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Spontaneous ventricular fibrillation: Thirty-one dogs 
were randomly assigned to control and lidocaine-treated 
groups. Arterial hemoglobin oxygen saturation and pH 
were determined, and the respirator was adjusted so that 
oxygen saturation was at least 91 percent and pH values 
were 7.42 to 7.52. 'The lidocaine-treated dogs were random- 
ly assigned to moderate or large dose regimens. Ten re- 
ceived a moderate dose of lidocaine, consisting of a 2 mg/kg 
intravenous bolus infusion followed by a continuous intra- 
venous infusion of 70 ug/kg per min. Five dogs received the 
large dose regimen, in which the initial 2 mg bolus infusion 
was followed by an infusion of 100 ug/kg per min. The 16 
control animals received infusions of normal saline solution 
equal in volume to the drug infusions. 

After 10 minutes of infusion, the left anterior descending 
and septal coronary arteries were occluded simultaneously, 
as previously described, and infusions were continued dur- 
ing a 30 minute post-occlusion observation period. In the 
lidocaine-treated dogs, blood was drawn for lidocaine de- 
termination before the onset of infusion, and thereafter at 
10 minute intervals. Blood lidocaine concentration also was 
determined at the time of ventricular fibrillation in dogs 
experiencing this arrhythmia. Heart rate and arterial pres- 
sure were monitored continuously in all dogs. After each 
experiment, the heart was removed with the coronary arte- 
rial occluding clamp in place so that the left main and cir- 
cumflex coronary arteries could be probed, opened and in- 
spected to assure their patency. 

Ventricular electrical stability when lidocaine is ad- 
ministered after coronary occlusion: In our initial 
study, to ensure that desired blood levels of lidocaine were 
attained by the time the dogs were at risk of having ven- 
tricular fibrillation, we administered lidocaine before coro- 
nary occlusion. Therefore, in eight additional dogs effects 
of lidocaine on ventricular fibrillation threshold were as- 
sessed when the drug was administered after acute coro- 
nary occlusion. 

Ventricular fibrillation threshold was determined by de- 
livering a train of 2 msec pulses through a bipolar electrode 
sutured to the left ventricle outside the region of ischemia, 
as previously described.’ The train of pulses began 80 msec 
after ventricular activation and continued 50 msec after the 
end of the T wave. The current was increased by 2 to 5 mil- 
liampere steps until ventricular fibrillation occurred. Ven- 
tricular fibrillation threshold was defined as the current, in 
milliamperes, required to produce ventricular fibrillation 
and was first measured 5 minutes after occlusion of the 
mid-portion of the left anterior descending coronary artery 
in the absence of any treatment. Heart rate was kept con- 
stant by ventricular pacing. Fifteen minutes after defibril- 
lation and release of the coronary ligature, the coronary ar- 
tery was occluded again. Administration of lidocaine was 
begun immediately thereafter. Five dogs received an intra- 
venous bolus infusion of 2 mg/kg of lidocaine followed by a 
continuous infusion of 70 ug/kg per min. Three dogs re- 
ceived an identical infusion without a preceding bolus infu- 
sion. Five minutes after the initiation of coronary occlusion 
and treatment, blood was removed for lidocaine assay, and 
the ventricular fibrillation threshold was again determined. 

Blood lidocaine determinations were made by the gas 
chromatographic method of Keenaghan.? Statistical analy- 
sis of the difference in incidence or rise or decline in ven- 
tricular fibrillation threshold was performed with use of 
the Fisher exact test. Comparisons of arterial pressure, 
heart rate and ventricular fibrillation threshold were per- 
formed with the Student ż test. 
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Results 


Spontaneous ventricular fibsillition: Before 
infusion, there were no significant differences in 
mean arterial pressure or heart rate between control 
and treated dogs or between treated survivors and 
nonsurvivors. Mean arterial pressure was 135 + 4 mm 
Hg in control dogs and 127 + 6 mm Hg in treated 
dogs. During the course of occlusion, no significant 
differences in heart rate developed between the con- 
trol and treated dogs. However, after coronary occlu- 
sion, mean arterial pressure in the group treated witb 
lidocaine decreased slightly (11 mm Hg) but signifi- 
cantly (P «0.05). No such change was noted in the 
control dogs. 

During the 30 minute period of observation, 14 ol 
the 16 control dogs (88 percent) died with ventriculai 
fibrillation. Eleven of the lidocaine-treated dog: 
maintained blood lidocaine levels of 1.2 to 5.5 ug/ml 
Of these, only 5 (45 percent) died (P «0.05, Fig. 1) 
during the 30 minute observation period. Four dog: 
had blood lidocaine concentrations greater than 5.£ 
ug/ml (6.3 to 15.8 ug/ml); all died with ventricular fi- 
brillation. Figure 2 shows the relation between dose 
blood level and ventricular fibrillation. Each of the 
five dogs receiving the large dose died with ventricu. 
lar fibrillation, and four of the five had blood lido: 
caine concentrations above 5.5 ug/ml at the time o! 
death. Of the 10 dogs receiving the moderate dose, € 
survived. All dogs receiving the moderate dose main: 
tained blood levels of 1.2 to 5.5 ug/ml. No dog hac 
atrioventricular dissociation during the course of th« 
experiment. 

Ventricular electrical stability when lidocaine 
is administered after coronary occlusion: No sig. 
nificant variation in arterial pressure was observed ir 
any dog during the course of these experiments 
Heart rate was held constant by ventricular pacing 
Ventricular fibrillation threshold was measured ir 
each animal during three separate coronary occlu 
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BLOOD LIDOCAINE CONCENTRATION 


FIGURE 1. The incidence of spontaneous ventricular fibrillation (VF 
after coronary occlusion in 16 dogs receiving no drugs (control), 1* 
dogs maintaining blood lidocaine concentrations of 1.2 to 5.5 ug/m 
and 4 dogs whose blood lidocaine concentration was 6.3 g/ml o 
greater at the time of ventricular fibrillation. 
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FIGURE 2. Blood lidocaine concentrations (ug/ml) during the 40 

inute observation period in the 15 dogs receiving lidocaine. Open 
‘icles denote the animals that received a dose of 100 ug/kg per 
min and the closed circles those that received 70 ug/kg per min. 
Asterisks indicate the time of ventricular fibrillation. 
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sions: first, 5 minutes after coronary occlusion with- 
out treatment; second, 5 minutes after coronary oc- 
clusion with lidocaine infusion beginning immediate- 
ly after occlusion; and finally, 5 minutes after occlu- 
sion, 60 to 90 minutes after cessation of lidocaine 
infusion. Before treatment, mean ventricular fibrilla- 
tion threshold after 5 minutes of coronary occlusion 
was 19 milliamperes; a similar value, 18 milliamperes, 
was obtained when ventricular fibrillation threshold 
was measured during coronary occlusion 60 to 90 
minutes after cessation of lidocaine infusion, when 
posttreatment blood lidocaine levels were negligible. 
When lidocaine was infused immediately after coro- 
‘nary occlusion, the mean ventricular fibrillation 
threshold after 5 minutes of occlusion rose to 22 mil- 
liamperes. Blood lidocaine levels among the eight 
dogs ranged from 2.2 to 4.7 ug/ml at this time. Six of 
the eight dogs manifested increases in ventricular fi- 
brillation threshold during lidocaine infusion as com- 
pared with levels before and late after treatment. 
One dog showed no change and one had a lower ven- 
tricular fibrillation threshold. Thus, seven of the 
eight dogs (P «0.05) manifested a rise or no change 
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in ventricular fibrillation threshold when lidocaine 
was administered after coronary occlusion. 

There was no correlation between the change in 
ventricular fibrillation threshold and the regimen 
used for lidocaine administration (bolus infusion fol- 
lowed by continuous infusion or continuous infusion 
alone). However, the rate of disappearance of lido- 
caine from the blood after lidocaine administration 
was discontinued correlated significantly with the 
regimen. In the five dogs receiving bolus plus contin- 
uous infusions, the mean rate of drug disappearance 
after cessation of therapy was 0.028 ug/ml per min; in 
the three dogs receiving continuous infusion alone 
the rate was 0.050 ug/ml per min (P <0.001). 


Discussion 


Spear and Gerstenblith et al.^? have demonstrated 
that when lidocaine is administered before coronary 
occlusion ventricular fibrillation threshold varies in a 
direct and linear fashion with blood lidocaine levels 
of 0 to 6 ug/ml. With levels greater than 6 ug/ml, 
toxic effects are apparent and directional changes in 
ventricular fibrillation threshold are unpredictable.? 


Lidocaine and Spontaneous Ventricular Fibrillation 


Despite these electrophysiologic findings, contro- 
versy has existed regarding the efficacy of lidocaine 
in preventing spontaneous ventricular fibrillation 
during experimental myocardial infarction. Stephen- 
son et al? administered lidocaine by intravenous 
infusion to 15 dogs with acute coronary occlusion and 
found no significant difference between the incidence 
rates of spontaneous ventricular fibrillation during or 
after release of occlusion in treated and untreated 
dogs. In their study, although infusion of lidocaine 
was initiated at a rate of 77 ug/min for 5 minutes be- 
fore occlusion and continued for a maximum of 30 
minutes after occlusion, a bolus injection of the drug 
was not administered and lidocaine blood level deter- 
minations were not obtained; it is thus not known 
whether failure to demonstrate a therapeutic effect 
was due to inadequate or excessive blood levels of the 
drug. Moreover, since their dog model of acute myo- 
cardial infarction manifested a very low (~ 30 per- 
cent) incidence rate of spontaneous ventricular fibril- 
lation in the absence of treatment, demonstration of 
a statistically significant drug-associated protection 
was difficult (would have required that lidocaine pre- 
vent ventricular fibrillation in virtually every dog). 

In a more recent study, although blood lidocaine 
levels were not determined and dogs were excluded 
from evaluation if early postocclusion ventricular 
tachycardia or fibrillation occurred, Weisse et al.* 
demonstrated that when lidocaine was administered 
to dogs after gradual (30 to 90 minutes) occlusion of a 
single coronary artery by electrically induced throm- 
bosis, spontaneous ventricular fibrillation occurring 
over the next 4 hours was significantly reduced. Our 
results are consistent with and extend these findings. 
Thus, we demonstrated that when blood concentra- 
tions of 1.2 to 5.5 ug/ml are maintained, lidocaine sig- 
nificantly reduces the incidence of spontaneous ven- 


tricular fibrillation during the first 30 minutes of cor- 
onary occlusion. : 

Mean arterial pressure in our lidocaine-treated 
group of dogs diminished slightly but significantly 
(11 mm Hg) after coronary occlusion, a phenomenon 
not observed in the control group. Previous studies 
have demonstrated that a decrease in arterial pres- 
sure increases the degree of ischemia during experi- 
mental acute coronary occlusion.!?9!! Since arrhyth- 
mic activity has been shown to be proportional to the 
degree of ischemic injury,!? it is unlikely that the de- 
crease in arterial pressure we observed after coronary 
occlusion in the treated group contributed to the pro- 
tective effects of lidocaine; if it exerted any influence, 
it is more likely to have mitigated the action of lido- 
caine as an antiarrhythmic agent. 

Thus, our first series of experiments demonstrated 
that pretreatment with lidocaine diminishes the inci- 
dence of ventricular fibrillation occurring sponta- 
neously early during experimental acute myocardial 
infarction. 


Lidocaine and Ventricular Fibrillation Threshold 


The determination of ventricular fibrillation 
threshold represents an indirect approach to the 
study of the effectiveness of an intervention in pre- 
venting spontaneously occurring ventricular fibrilla- 
tion. However, several recent studies indicate that in- 
terventions that alter this threshold during coronary 
occlusion cause parallel changes in the incidence of 
ventricular fibrillation occurring spontaneously.® 7-13 
Hence, changes in the more easily determined ven- 
tricular fibrillation threshold appear to reflect direc- 
tionally similar changes in the tendency for the ven- 
tricle to fibrillate spontaneously. 

Recently, Dughman and Cohn? demonstrated in 
the dog a reduction in ventricular fibrillation thresh- 
old after administration of lidocaine directly into one 


Ew ges me ua Korea WR EAT a NY DECR 


wi | 


LIDOCAINE AND MYOCARDIAL INFARCTION—BORER ET AL. 


coronary artery. Regional infusion of lidocaine was 
performed to produce a nonhomogeneous distribu- 
tion analogous to that presumed to be present clini- 
cally, when lidocaine administration almost invari- 
ably is begun after the occurrence of acute coronary 
occlusion. Therefore, our second series of studies was 
performed to determine whether postocclusion ad- 
ministration of lidocaine might be deleterious. Our 
data demonstrated no significant deleterious effects 
on ventricular fibrillation threshold even when lido- 
caine was administered after the onset of acute coro- 
nary occlusion. In fact, an increase in ventricular fi- 
brillation threshold occurred in six of eight dogs, al- 
though the magnitude of increase was smaller than 
that seen when the drug was administered before cor- 
onary occlusion.? The deleterious effects found by 
Dughman and Cohn? when lidocaine was administered 
directly into the coronary artery may have been 
caused by transient development of excessively high 
arterial blood levels rather than by nonhomogeneous 
distribution of lidocaine within the myocardium. 


Clinical Implication 


The effectiveness of lidocaine during administra- 
tion early after experimental coronary occlusion is 
particularly important in view of the recent sugges- 
tions" that the drug be offered in an automatic injec- 
tor for intramuscular self-administration by high risk 
patients during the prehospital phase of acute myo- 
cardial infarction. Our findings suggest that lidocaine 
may indeed be effective in this situation, particularly 
since blood levels within the therapeutic range ap- 


parently can be predictably achieved by intramuscu- 


lar injection.!? 
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Calculation of left ventricular wall stress in man has traditionally re- 
quired angiographic and left ventricular pressure measurement, mak- 
ing study of interventions difficult. We have developed a combined he- 
modynamic-ultrasonic technique for measuring left ventricular meridi- 
onal wall stress (om) throughout the cardiac cycle. Simultaneous mea- 
surements of left ventricular pressure, ultrasonically determined wall 
thickness (h|echo]), and minor axis (D|echo|) were made during car- 
diac catheterization in nine subjects, three with chronic left ventricular 
pressure overload, four with left ventricular volume overload and two 
with normal left ventricular function. Within 30 minutes, left ventricular 
cineangiography was performed in each subject and angiographic wall 
thickness (h[angio|) and minor axis (D|angio]) were measured. Com- 
parison of values for each subject throughout the cardiac cycle (aver- 
age 18 data points/cycle) yielded close correlation: For D(echo) ver- 
sus D(angio), r values ranged from 0.82 to 0.98 whereas for h(echo) 
versus h(angio), r values ranged from 0.56 to 0.98 for the nine 
subjects. Meridional wall stress was calculated after the method of 
Sandler and Dodge as PR;?/h(2R, + h), where R; equals the inner wall 
radius, calculated as D/2 for both ultrasonic and angiographic meth- 
ods. Agreement between ultrasonic and angiographic methods was 
excellent in each subject, with close superimposition of the stress- 
time plots constructed by the different techniques. 

In summary, a new method for measurement of left ventricular wall 
stress has been developed and validated by comparison with an angi- 
ographic reference standard. This method has potential advantages, 
including the ability to study meridional wall stress continuously and to 
assess its response to serial interventions. 


Left ventricular wall stress is an important determinant of cardiac 
function at the myocardial level. It has been used to help define the 
force-velocity relation, which serves to assess the contractile state of 
the myocardium,! and to evaluate patterns of myocardial hypertro- 
phy.?? In addition, wall stress is considered to be an important deter- 
minant of myocardial oxygen demands. 

In the past, left ventricular wall stress has been measured with 
combined hemodynamic and angiographic methods.” Left ventricu- 
lar internal dimensions and wall thickness have been determined 
from angiographic cardiac silhouettes and left ventricular pressure 
curves have generally been obtained just before angiography. Wall 
stress has been calculated from these data using formulas derived 
from various geometric models.?9-? This hemodynamic-angiographic 
method has at least two disadvantages. First, multiple determina- 
tions of wall stress during a single patient study (that is, before and 
during exercise, pacing or pharmacologic intervention) require multi- 


ple left ventriculograms, thus adding to the risk of 
the procedure to the patient. Second, the angiogram 
frequently alters the physiology being studied by in- 
ducing extrasystoles, myocardial depression and 
changes in preload (left ventricular end-diastolic 
pressure) and afterload (aortic pressure). 

Because of these disadvantages, a simpler method 
of measuring left ventricular wall stress in man was 
sought. This study describes a method for measuring 
left ventricular wall stress with a combined hemody- 
namic-ultrasonic technique and compares the results 
with those obtained by the hemodynamic-angio- 
graphic method. 


Methods 
Protocol 


Nine patients undergoing diagnostic right and left heart 
catheterization and left ventricular cineangiography were 
studied. In this group were four patients with left ventricu- 
lar volume overload, three patients with left ventricular 
pressure overload and two patients classified as normal. 
The latter were patients with chest pain who had normal 
coronary arteriograms, left ventriculograms and hemody- 
namic status. Patients with regional left ventricular dys- 
function were excluded, and only patients with technically 
satisfactory echocardiograms and left ventricular angio- 
grams were included. 

Procedures: Cardiac catheterization was performed 
with patients in the fasting state after premedication with 
diazepam (Valium®), 10 mg intramuscularly, using the bra- 
chial arteriotomy approach. Left ventricular pressure was 
recorded using high fidelity micromanometer-tipped cathe- 
ters (Mikrotip, Millar Instruments, Houston, Texas) in 
four cases and with standard no. 8F fluid-filled catheters in 
five cases. Frequency response characteristics of the fluid- 
filled catheter system used in this laboratory have pre- 
viously been reported.? The undamped natural frequency 
of the system is 31.3 hertz and the damping used gives a 
measured damping coefficient of 0.603, indicating a uni- 
form frequency response flat (+5 percent) to 27 hertz. The 
impulse transmission time in this system is 10 to 14 msec. 
No correction was made for this small delay since the error 
in precise timing of pressure measurements in our system is 
at least 10 msec. Signal transmission was instantaneous in 
the four subjects studied with micromanometer-tipped 
catheters, and the results in these subjects were identical 
with those in the other five. 

Echocardiograms were recorded with a Smith-Kline 
Ekoline 20-A ultrasonoscope interfaced to an Electronics 
for Medicine DR-12 recorder. The echocardiogram of the 
interventricular septum and posterior left ventricular wall 
were taken in the plane of the mitral valve using previously 
described methods from this laboratory.!?.! 

Immediately before angiography, a simultaneous strip 
chart recording of electrocardiogram, left ventricular pres- 
sure and echocardiogram was obtained in each subject. Left 
ventricular cineangiography was then performed in the 
right anterior oblique projection with injection of 25 to 40 
cc of radiographic contrast material directly into the left 
ventricular chamber at a rate of 8 to 12 cc/sec. A Siemens 
cesium-iodide image intensifier was used, and cineangio- 
grams were recorded on 35 mm film at a rate of 56 frames/ 
sec. A movable marker synchronized with the QRS complex 
of the electrocardiogram was recorded with the cineangio- 
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gram to identify end-diastole. Simultaneously with the cin- 
eangiogram, a recording was made of the electrocardio- 
gram, high fidelity left ventricular pressure, cineangiogram 
frame markers and markers indicating the time period dur- 
ing which contrast material was injected into the left ven- 
tricular chamber. This enabled left ventricular angiograph- 
ic silhouettes to be matched with left ventricular pressure: 
throughout the cardiac cycle. Cardiac cycles following pre: 
mature contractions were not used. If the heart rat« 
changed more than 10 beats/min between the recording o! 
the echocardiogram and the angiogram, the subject was ex 
cluded from the study. 


Theoretical Considerations 


Left ventricular meridional wall stress may be definec 
as the force per unit area acting at the midplane of the 
heart in the direction of the apex to base axis (Fig. 1) 
There are actually two stresses acting at the equatoria 
plane, the meridional stress (om) and the circumferentia 
stress (o,). The latter acts perpendicular to the long axis of 
the ellipsoid. For a spherical model, the two are equal 
whereas for an ellipsoid model the circumferential stress 
generally exceeds the meridional stress.? In this study only 
meridional wall stress was considered for reasons described 
below. 

The derivation of the expression for average Rapt 
wall stress (om) at the equatorial plane requires the fol- 
lowing assumptions®: 12-13- 
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om (R&-R*)= Par R? 

Om = PR/2h(I*h/2R) 

Om =PD/4h (I*h/D) 
where D=2R; 


FIGURE 1. Diagrammatic representation of the left ventricula 
chamber approximated by a surface of revolution (here considere 
an ellipsoid of revolution) cut at its midplane. The forces acting o 
this coronal section are the pressure loading forces (P7Rj*) and thi 
meridional wall forces {o,,7(Ro* — R;*)} where P is the left ventricu 
lar pressure, R; is the inner radius, Ro is the outer radius and c i: 
the average meridional wall stress acting at the equatorial plane. Ai 
expression for gm can be derived in terms of P, D and h by equatini 
the pressure loading forces and the meridional wall forces, sinci 
these must be equal if the ventricle is to hold together. The wa 
thickness, h, is equal to (R5 — Rj) and the left ventricular minor axis 
D, is equal to 2R;. See text for details. | 
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1. The left ventricle can be represented by a surface of 
revolution (usually considered an ellipsoid of revolution) 
with uniform wall thickness at the equator. 

2. 'The problem is considered to be quasistatic; that is, 
instantaneous measurements of left ventricular geometry 
and pressure are employed in a static analysis for evalua- 
tion of instantaneous stresses throughout the cardiac 
cycle.!? 

With these assumptions o,, can be derived by equating the 
pressure dg forces (Pr R;?) to the meridional wall forc- 
es s [om7 (Ro 2 — RP): 
omTt(Ro? — R2) = P7R;? 
ries See 
irm SUM | (Ro — Ri) (Ro + Ri) 
ye | mh Zai BR 
5 7" h QR; +h) 
k PR; 
m" 9h (1 + b/2R)) 
a WM È PD 
NS 7m " 4h (1 + h/D) 
where P = left ventricular pressure (dynes/cm?); R; = left 
ventricular inner radius (cm); R, = left ventricular outer 
radius (cm); h = R, — R; = left ventricular wall thickness 
(cm); and D = 2R; = left ventricular internal diameter 
(em). 

- This is an exact expression for the average meridional 

wall stress at the equatorial plane, given the preceding as- 


sumptions. 543 The expression is independent of the long 
axis. (L) of the left ventricular chamber, whereas expres- 
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FIGURE 2. Combined hemodynamic-ultrasonic study in a patient 
with mitral regurgitation. The left ventricular pressure (LVP) and 
electrocardiogram (ECG) are recorded simultaneously with the 
echocardiogram. The left ventricular dimension (D) is determined by 
measuring the vertical distance between echos from the septum to 
the endocardial surface of the posterior wall (PW) of the left ventri- 
cle. The wall thickness, h, is determined by measuring the vertical 
distance from the epicardium to the endocardium of the posterior 
wall (PW). LVP, D and h are used to calculate average meridional 
wall stress throughout the cardiac cycle. See text for details. 
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sions for circumferential wall stress are not. This is impor- 
tant because the hemodynamic-ultrasonic method de- 
scribed in this paper does not measure the long axis of the 
left ventricle. Calculations of circumferential wall stress by 
this method require that the long axis be assumed or esti- 
mated, and this has been done!^ but the procedure is likely 
to introduce error. The alternative, chosen here, is to con- 
sider meridional wall stress. 


Angiographic Measurements and Calculations 


Left ventricular angiographic cardiac silhouettes for 
each patient were traced every two frames (36 msec) begin- 
ning at end-diastole (as determined by the QRS marker) 
for the duration of a cardiac cycle. The minor axis, D(an- 
gio), was determined for each cardiac silhouette using the 
area-length method described by Dodge et al.!° and a grid 
calibration technique: 


D = 4A/zL 


where D = the minor left ventricular axis (cm); A = area, 
determined by planimetry, of the left ventricular silhouette 
(cm?); and L = longest measurable axis of the left ventricu- 
lar silhouette (cm). 

The left ventricular wall thickness, h(angio), was deter- 
mined for each cardiac silhouette by methods adapted from 
Sandler and Dodge.? A perpendicular line was drawn to the 
major axis (L) at its midpoint, and the wall thickness was 
measured at the point where this line intersected the left 
ventricular free wall. 

The left ventricular pressure corresponding to each an- 
giographic silhouette (and to each D[angio] and h[angio] 
value) was obtained by measuring the appropriate number 
of frames or time (36 msec per two frames) after end-dias- 
tole (as determined by the R wave of the QRS complex). 
Calculation of meridional wall stress, e;,(angio), was made 
for points throughout the cardiac cycle by converting the 
left ventricular pressure from millimeters of mercury to 
dynes per square centimeter (by multiplying by a conver- 
sion factor of 1,332 dynes/cm? mm Hg) and substituting P, 
D(angio) and h(angio) into equation 1. 


Echocardiographic Measurements and Calculations 


Figure 2 illustrates the echocardiographic measurements. 
The left ventricular internal dimension, D(echo), was de- 
termined by measuring the vertical distance between 
echoes from the endocardial surfaces of the interventricu- 
lar septum and the left ventricular posterior wall. The left 
ventricular wall thickness, h(echo), was determined by 
measuring the vertical distance from the epicardium to the 
endocardium of the left ventricular posterior wall. Left 
ventricular pressure (P) was recorded in the same strip. 

Meridional wall stress, c, (echo), was calculated by con- 
verting left ventricular pressure from millimeters of mercu- 
ry to dynes per square centimeter and substituting P, 
D(echo) and h(echo) into equation 1. Beginning at end- 
diastole (as determined by the R wave of the QRS com- 
plex), values of o(echo), D(echo) and h(echo) were ob- 
tained every 36 msec throughout the cardiac cycle. These 
points correspond temporally to values for o,,(angio), 
D(angio) and h(angio) obtained by the angiographic meth- 
od throughout the cardiac cycle. 


Results 


For each subject, an average of 18 data points per 
cardiac cycle were measured. Comparison of values 
obtained by the angiographic and ultrasonic methods 
for each subject throughout the cardiac cycle yielded 


.. loaded left ventricle. There is good 


good correlation between angiographic and ultrasonic 


minor axes (D), wall thicknesses (h) and meridional 


wall stresses (a) (Table I). 

Minor axis: The correlation between angiographic 
and ultrasonic minor axes (D) gave correlation coeffi- 
cients ranging from 0.82 to 0.98 for the nine patients. 
The relation for all patients as a group (Fig. 3) gave a 
correlation coefficient of 0.93. Representative plots of 
angiographic and ultrasonic minor axes for patients 
in each of the three groups, normal, pressure overload 
and volume overload (Fig. 4), demonstrated a ten- 
dency to underestimation of the minor axis by ultra- 
sonic compared with angiographic methods. This 
tendency has been noted by others.!*16.!7 

Wall thickness: The correlation between angio- 
graphic and ultrasonic wall thicknesses (h) gave cor- 
relation coefficients ranging from 0.56 to 0.98 for the 
nine patients (Fig. 4). As with the minor axis, and as 
noted by others,!*:!" there was a tendency to underes- 
timation of wall thickness by echocardiographic com- 
pared with angiographic methods. 

Meridional wall stress: Correlation between an- 
giographic and ultrasonic wall stress data (om) yield- 
ed correlation coefficients ranging from 0.91 to 0.99 
for the nine patients. There was close superimposi- 
tion of the stress-time plots determined by the two 
methods for each subject whether the subject had 
pressure overload, volume overload or normal ven- 
tricular function (Fig. 5). 


Discussion 
Validity of Method 
This study was designed to determine the validity 


of a new combined hemodynamic-ultrasonic method 
for measuring meridional wall stress in man. The va- 
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FIGURE 3. Comparison of the left 2 
ventricular minor axis determined by 2 
ultrasound (D, ultrasound) with the 2 4 
minor axis determined by angiogra- < 
phy (D, angiogram). The ultrasonic di- Œ 
mension was determined as shown in H 3 
Figure 2 and the angiographic dimen- > 
sion was determined from angio- O mg 
graphic silhouettes taken in the right 00 
anterior oblique projection using the 2 P 


area-length method of Dodge et al. 
Points were taken throughout the car- 
diac cycle in patients with a normal, | 
pressure-overloaded or volume-over- 


correlation between D (ultrasound) 
and D (angiogram) with a correlation I 2 
coefficient of 0.93. SEE — standard 


error of the estimate. 
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lidity of the method is dependent upon the assump- 
tions implicit in the expression for meridional wall 
stress (equation 1) and the reliability or accuracy of 
the data used to calculate meridional wall stress, 

In the theoretical assumptions listed, it is assumed 
that the left ventricle can be represented by a surface 
of revolution. Dodge et al.!° showed that the left ven- 
tricle can be approximated by an ellipsoid, and sub- 
sequent investigators!®:!9 have demonstrated in most 
instances that the two minor axes of the ellipsoid are 
nearly equal so that the left ventricle can be approxi- 


TABLE I 


Comparison of Angiographic and Echocardiographic 
Methods for Determining the Left Ventricular Minor 
Axis, Wall Thickness and Meridional Wall Stress 





Correlation Coefficient (r) 


Dí(angio)  h(angio) 








Case vs. VS.  oglangio) vs. 
no. Diagnosis D(echo)  h(echo)  eglecho). 
1 Normal 0.91 0.95 0.93 
2 Normal 0.85 0.59 0.99 . 
3 Aortic stenosis 0.98 0.98 0.96 | 
4 Aortic stenosis 0.98 0.98 0.99 5 - 
5 Aortic stenosis 0.96 0.84 0.93 
6 Mitral regurgitation 0.94 0.77 0.97 
7 Mitral regurgitation 0.89 0.91 0.96 
8 Mitral regurgitation 0.82 0.69 096  . 
9 Aortic regurgitation 0.87 0.56 097-58 3 
D(angio) = left ventricular minor axis determined angiographi- 
cally; D(echo) = left ventricular minor axis determined echocardio- 
graphically; h(angio) = left ventricular wall thickness determined 
angiographically; h(echo) = left ventricular wall thickness deter- 


mined echocardiographically; o,,(angio) = average meridional wall 
stress determined angiographically; 0,,(echo) = average meridional 
wall stress determined by the hemodynamic-ultrasonic method. 
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mated by a prolate ellipse. This assumption has been 
- widely used in calculating left ventricular volumes by 
single plane angiography, but there are some impor- 
-tant restrictions to its applicability. A left ventricular 
chamber associated with right ventricular volume 
overload, in which the left ventricle is distorted so 
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that the minor axes are not equal, or a ventricle with 
dyssynergy due to coronary artery disease cannot be 
approximated by a prolate ellipse. Neither the tradi- 
tional angiographic method nor the hemodynamic- 
ultrasonic method for calculating wall stress reported 
herein is valid in these instances. 
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FIGURE 4. , Top row, comparisons of the left ventricular minor axes determined by ultrasound (D, ultrasound) with the minor axes determined by 
angiography (D, angiogram) in representative patients with a normal, pressure-overloaded or volume-overloaded left ventricle. Bottom row, 


comparisons of left ventricular wall thicknesses determined by ultrasound (h, ultrasound) with wall thicknesses determined by angiography (h, 


angiogram) in representative patients from each of the three groups. For each patient, points are plotted throughout the cardiac cycle. SEE = 
| vispleesa error of the estimate. 


i" 


= 


NORMAL 


PRESSURE OVERLOAD VOLUME OVERLOAD 


200 





180 


— ANGIO STRESS 
—e----* ECHO STRESS 





PEL. I60 160 | 
a 5 140 140 140 | 
p hl 
rus $ 120 120 120 | MAT 
bays i 
Mom 100 100 loo | 
| & 80 80 80 : 
m 
A 4 60 60 60 
25 25 40 40 
20 20 20 





TIME 


FIGURE 5. Comparison of stress-time plots determined by the angiographic and the hemodynamic-ultrasonic methods. Plots are made through- 
out the cardiac cycle in representative patients with a normal, pressure-overloaded or volume-overloaded left ventricle. Points of the ultrasonic 
stress-time curve represent mean values averaged over five cardiac cycles with standard deviations shown; points of the angiographic stress- 
time curves represent values from one cardiac cycle only. The ultrasonic technique permits continuous monitoring and stress values can be av- 
eraged over several cardiac cycles; this is not always possible with the angiographic method because of the short time period that contrast ma- 
terial remains in the ventricular chamber. 
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It is also assumed that the left ventricular wall | 


thickness is uniform at the equator. In most situa- 
tions, including pressure overload states, this is true.?9- 
22 Reiner et al.?9?! have shown in pathologic speci- 
mens that the thickness of the left ventricular free 
wall and the septum are nearly equal. An important 
exception is idiopathic hypertrophic subaortic steno- 
sis, and wall stress calculations with either the angio- 
graphic or ultrasonic method would not be valid in 
this condition. 

The second requirement for validity of the ultra- 
sonic method is the reliability or accuracy of the 
echocardiographic data, that is, wall thickness and 
left ventricular internal dimension. Since angiogra- 
phy has been the accepted method for measuring 
these values, it serves as the reference standard. 
Good correlation between left ventricular wall thick- 
ness measured echocardiographically with that mea- 
sured angiographically has been reported by oth- 
ers!^!7 and was demonstrated again in our study. 
Similarly, good correlation between the left ventricu- 
lar internal dimension measured echocardiographi- 
cally with that measured angiographically has been 
shown before!^!9.!7 and again here. As mentioned, 
there was a tendency in this study, as well as in ear- 
lier studies, toward echocardiographic underestima- 
tion of wall thickness and left ventricular minor axis 
by comparison with angiography. There is some evi- 
dence that angiography may overestimate left ven- 
tricular dimensions! so that the ultrasonic measure- 
ments may be closer to the truth. In any case, the un- 
derestimation of D and h is of similar magnitude and 
tends to cancel out in equation 1 so that there is not 
only excellent correlation between o,(echo) and 
om(angio), but good agreement (correlation along the 
line of identity), as well. 


Advantages of Method 


As mentioned, the traditional hemodynamic-angi- 
ographic method for calculating wall stress has some 
major disadvantages. First, multiple determinations 
of wall stress require multiple angiograms and in- 
crease the risk to the patient. Second, multiple angio- 
grams alter physiology and make interpretation of in- 
terventions difficult or impossible. Third, the injec- 
tion of 30 to 40 cc of viscous contrast medium into a 
left ventricular chamber containing perhaps 80 to 100 
cc of blood may alter left ventricular geometry, vol- 
ume and wall stresses in an unknown and unpredict- 
able fashion. The hemodynamic-ultrasonic method 
described in this study has the distinct advantage 
that continuous monitoring of wall stress is possible 
with no added risk to the patient and without disrup- 
tion of the normal physiology. Thus, values of wall 
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stress can be averaged over several cardiac cycles and 


the response to serial interventions can be assessed. - 
Another advantage of the ultrasonic method is that - 
the mechanics of data gathering are easier since left. 
ventricular dimension and wall thickness can be de- 
termined by merely drawing vertical lines rather than 
planimetering areas. This becomes more important 
when continuous monitoring is required. 

Recently Ratshin et al.!^ described a method for 
measuring circumferential wall stress using a hemo- 
dynamic-ultrasonic technique and showed good cor- 
relation with angiographic methods. Our study dif- 
fers from theirs in at least two respects. First, we 
measured stress-time plots throughout the cardiac 
cycle whereas they measured stress at end-diastole 
and at the time of aortic valve opening. Second, we 
measured meridional wall stress rather than circum- - 
ferential wall stress, and this technique has at least | 
one advantage. Circumferential wall stress is depen- 
dent upon the left ventricular major axis, which can- 
not be measured by the ultrasonic method and must 
be approximated; meridional wall stress is indepen- 
dent of the major axis and requires no such approxi- — 
mation. 

In defense of the use of meridional rather than cir- 
cumferential wall stress, there are several studies?^^?? _ 
showing that both variables are related to ventricular - 
performance. Studies in our laboratory measuring 
meridional wall stress with the ultrasonic technique 
described have shown that in chronic compensated 
valvular heart disease, hypertrophy develops to nor- 
malize systolic but not diastolic wall stress.? Gould et 
al.?? observed that systolic meridional wall stress may 
be increased in patients with advanced or decompen- 
sated heart disease whereas circumferential wall 
stress remains normal. This occurs because circum- 
ferential wall stress tends to decrease as the ventricle | 
dilates and assumes a more spherical shape. Thus, 
meridional wall stress may be a more sensitive indi- - 
cator of myocardial decompensation than circumfer- | 
ential wall stress. 

In summary, a combined hemodynamic-ultrasonic 
method for measuring meridional wall stress has 
been developed. Its validity was tested by comparing 
it with angiographic methods and good correlation 
was demonstrated. The method has potential advan- 
tages, including the ability to monitor wall stress con- | 
tinuously and to assess its response to serial interven- 
tions. 
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An attempt was made to develop a hemodynamic indicator of pump 
function that relates to the contractile characteristics of cardiac mus- 
cle. The ejection rate of change of power has ideal characteristics for 
this purpose. It is firmly based upon theories of fluid dynamics and its 
derivation is free of assumptions related to heart structure and func- 
tion. It is measured as p dQ/dt + Q dp/dt, where p = pressure and Q 
— flow. When measured at peak tension, the ejection rate of change 
of power was (12.3 + 0.8) X 10? dynes cm sec"? in 9 patients with 
normal performance, and (2.7 + 0.3) X 10? dynes cm sec"? in 11 pa- 
tients with abnormal ventricular performance (P «0.001). Studies in 
dogs showed no effect of preload or afterload. This suggests a relation 
to characteristics of muscle fibers, which was shown. If one assumes 
a thin wall sphere, the ejection rate of change of power at peak ten- 
sion reduces to the following function of tension (T), fiber length (27r), 
and rate of shortening (27 dr/dt): 


d(power)/dt = 87zT[(dr/dt)? + r d?r/dt?]. 


Thus, the contractile characteristics of muscle fibers (force, velocity 
and tension) are related in an uncomplicated fashion by a single and 
highly discriminating hemodynamic indicator of ventricular perfor- 
mance, the ejection rate of change of ventricular power measured at 
peak tension. 


The rate of change of ventricular power during ejection is a hemody- 
namic expression that reflects the acceleration of energy transfer and 
therefore has a basic fluid dynamic significance.! The derivation of 
the ejection rate of change of power is firmly based upon principles of 
fluid dynamics and is independent of any assumptions related to the 
structure of the heart or character of cardiac function. Maximal 
values of the ejection rate of change of power have been shown to dis- 
tinguish between patients with normal and abnormal cardiac perfor- 
mance.? 

In dogs, maximal values responded to drug-induced alterations of 
the inotropic state but were little affected by preload or afterload.? 
This observation suggests that the ejection rate of change of power 
reflects the contractile state of cardiac muscle as well as pump func- 


tion. Since the contractile state of both isolated ventricular muscle*  . 


and the intact heart? are described by the instantaneous relation be- 
tween myocardial force, velocity and fiber length, the ejection rate of 
change of power should be related to these variables. This, in fact, 
can be demonstrated; that is, the rate of change of power during ejec- 
tion can be shown to be a function of tension along the ventricular 
wall, circumferential fiber length and velocity of muscle shortening, 
and their derivatives. Thus, the essential components required to de- .- 
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scribe myocardial contractility are related in a hemo- 
dynamic equation that also includes the essential 
. terms descriptive of pump function. 

. . In this study, the rate of change of power during 
. ejection when measured at peak ventricular tension, 
. was evaluated in patients and in dogs. This function 
has a specifically meaningful relation to the velocity 
_ of muscle shortening, tension and length of muscle fi- 
 bers because of the uncomplicated relation it reveals 
among these variables. 


Methods 


The rate of change of ventricular power (dynes cm 
sec“) can be written as follows!-?: 


Rate of change of power = Q dp/dt + p dQ/dt (1) 


where p = intraventricular pressure (dynes cm~2), Q = aor- 
tic flow (cm? sec~!) and dp/dt and dQ/dt are their respec- 
tive rates of change. 

The rate of change of power during ejection was calcu- 
lated at the time of peak ventricular tension, as determined 
- by the Laplace equation (T = p r/2), where T = tension 
=- (dynes/cm) and r = radius (cm). Instantaneous values of 
_ the radius were measured along the minor axis of the ven- 

tricle, as will be described later. 


Studies in Patients 


| The rate of change of power during ejection was calculat- 
ed at peak tension in 20 patients with angina pectoris dur- 
. ing diagnostic cardiac catheterization. These patients were 
- selected from a group previously studied’; those whose ven- 
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FIGURE 1. Ejection rate of change of power [d(power)/dt] mea- 
sured at peak tension in 9 patients with normal performance and 11 
patients with abnormal performance. Values are shown for ejection 
fraction (E. F.), mean velocity of circumferential fiber shortening 
. (VCF) and left ventricular end-diastolic volume index (EDVI), vari- 
ables that defined normal and abnormal performance. 
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triculogram was not satisfactory for frame by frame analy- 
sis were excluded. As in previous studies, a strict categori- 
zation of ventricular performance was made to ensure that 
the ventricular performance was definitely either normal or 
abnormal?$ (Fig. 1). 

Velocity, pressure and flow measurements: Velocity 
was measured at the root of the aorta with a catheter-tip 
velocity sensor.? Velocity signals were considered compara- 
ble with flow signals.?? After measurements of flow, pres- 
sures were measured in rapid sequence with a high fre- 
quency catheter-tip micromanometer. Pressure and flow 
were recorded and digitized, as previously described.? With 
the aid of a computer, instantaneous values of the rate of 
change of power were calculated throughout the period of 
ventricular ejection.? The value of the rate of change of 
power that occurred at the time of peak tension was deter- 
mined after appropriate calculations of tension were per- 
formed. A steady state during the period of measurements 
was assumed. The heart rate during various measurements 
differed by 10 or fewer beats/min in all patients. 

During the isovolumic period, maximal dp/dt, maximal 
1/p dp/dt, and Vmax were obtained from the computerized 
data by utilization of methods previously described. Both 
Vmax and maximal 1/p dp/dt were calculated on the basis 
of the actual pressure. Vmax was calculated as the linear 
extrapolation of 1/32 1/p dp/dt plotted with respect to in- 
traventricular pressure. The maximal isovolumic rate of 
change of power?? and the isovolumic fractional rate of 
change of power?:!? were also calculated as previously de- 
scribed. 

Ventriculographic measurements: After the measure- 
ment of aortic velocity and intraventricular pressure, a sin- 
gle plane ventriculogram was performed from which left 
ventricular volume, ejection fraction and mean velocity of 
circumferential fiber shortening along the minor axis of the 
ventricle were calculated.? Peak tension during ejection 
was calculated from the ventriculogram by utilization of 
the Laplace equation on the basis of an assumed spherical 
ventricle with a thin wall (T = pr/2), where p = pressure, 
and r = radius. Values of the radius along the minor axis of 
the ventricle were measured during each frame of the ven- 


 triculogram (at 16.7 msec intervals). The curve of radial 


shortening as a function of time was then calculated by the 
Chebyschev polynomial approximation technique, which: 
permitted accurate extrapolation between points. Instanta- 
neous values of pressure and radius were then utilized in 
the Laplace equation to determine the peak value of ten- 
sion. The rate of change of power at the time that corre- 
sponded to this tension was then calculated. An average 
meridional radius, based upon the integrated cross-section- 
al area of the ventricle divided by the major axis, could 
have been calculated. Such a method would have deem- 
phasized local areas of dysynergy that might have occurred 
along the minor axis; however, it would also have increased 
the complexity of measurements and thereby reduced its 
practical applicability. 


Studies in Dogs 


To determine the effects of preload and afterload upon 
the ejection rate of change of power measured at peak ten- . 
sion, studies were performed in seven dogs. Dogs weighing 
20 to 25 kg were studied with the chest open. 

Left ventricular and aortic pressures were measured with 


two catheter-tip micromanometers appropriately posi- 


tioned under fluoroscopic control? Aortic flow was mea- 
sured with a cuff electromagnetic flow transducer placed 
around the root of the aorta.? Pressures and flow were mea- 
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sured simultaneously, and the rate of change of power 


throughout the ejection period was calculated just as it was 
calculated in patients. Detailed methods for these studies 
have previously been described.? Peak tension was also cal- 
culated as it was in patients. The rate of change of power 
was then calculated at the time of peak tension. 

Increase in afterload: The afterload was increased in 
each of the seven dogs by a constant infusion of angiotensin 
amide at a rate of 11.5 ug/min. During the infusion, the av- 
erage aortic systolic pressure increased from 151 + 8 to 182 
+ 8 mm Hg (mean + standard error), and the average aor- 
tic diastolic pressure increased from 118 + 6 to 144 + 7 mm 
Hg (P «0.01). This elevation of the afterload caused statis- 
tically insignificant changes in heart rate and end-diastolic 
volume. 

Increase in preload: Augmentation of the preload was 
induced in each of the dogs by the rapid intravenous injec- 
tion of 300 cc of 6 percent dextran-70 in normal saline solu- 
tion, which corresponded to a dose of 12 to 16 cc/kg body 
weight. After these infusions, the left ventricular end-dia- 
stolic pressure increased from 7 + 1 to 14 + 1 mm Hg (P 
<0.001), and left ventricular end-diastolic volume in- 
creased from 44 + 3 to 68 + 8 cc (P «0.01). Neither the 
heart rate nor the aortic pressure changed significantly 
during this period. 


Results 


Rate of change of power at peak tension: The 
rate of change of power measured at the time of peak 
tension sharply distinguished between patients with 
normal and abnormal ventricular performance (P 
<0.001). There was no overlap of values (Fig. 1). In 9 
patients with normal performance, the rate of change 
of power at peak tension was (12.3 + 0.8) X 108 dynes 
cm sec^?; in 11 patients with abnormal performance 
it was (2.7 + 0.3) X 108 dynes cm sec" ?. 

Studies in seven dogs showed no significant change 
of the ejection rate of change of power at peak ten- 
sion with augmentation of the preload or afterload 
(Fig. 2). Control values of the rate of change of power 
at peak tension were (7.8 + 1) X 108 dynes cm sec-?. 
In the presence of an augmented afterload, it was (7.6 
+ 1) X 10? dynes cm sec^?, and after augmentation of 
the preload, it was (8.0 + 1) X 108 dynes cm sec" ?, 

The rate of change of power measured at peak ten- 
sion provided more distinct separation of values in 
patients with normal and abnormal performance 
than did the maximal rate of change of power, al- 
though the latter produced clear separation (P 
<0.001) (Fig. 3). Each of the other ejection indexes of 
performance (maximal rate of change of flow, maxi- 
mal power and maximal flow) provided some overlap 
of values in comparing patients with normal and ab- 
normal performance, although the mean values dif- 
fered in a highly significant fashion (P <0.001) (Fig. 
3). 

The ejection rate of change of power, measured at 
peak tension, showed no relation to peak tension. 
The relation of the ejection rate of change of power at 
peak tension to the maximal rate of shortening of the 
minor hemiaxis of the ventricle and to the maximal 
acceleration of shortening of this hemiaxis was only 
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approximate (correlation coefficient 0.69 and 0.65, 
respectively). A better correlation was shown be- 
tween the ejection rate of change of power at peak 
tension and maximal values of the ejection rate of 
change of power (correlation coefficient 0.86). 
Comparison with isovolumic indexes: In com- 
parison with isovolumic indexes, the rate of change of 
power at peak tension showed a definitely greater 
ability to distinguish between normal and abnormal 
performance. Maximal isovolumic dp/dt and Vmax 
did not differ between groups. Maximal dp/dt in pa- 
tients with normal performance was 1,500 + 200 mm - 
Hg sec^!; in those with abnormal performance it was 
1,100 + 100 mm Hg sec^! (not significant). Vmax in 
patients with normal performance was 1.56 + 0.08 
sec !; in those with abnormal performance it was 
1.40 + 0.09 sec^! (not significant). On the other hand, - 
both the maximal isovolumic rate of change of power 
and the isovolumic fractional rate of change of power 
distinguished between groups. The maximal isovolu- 
mic rate of change of power in patients with normal : 
performance was 26,000 + 2,500 dynes cm sec~2, and - 
in patients with abnormal performance it was 20,000 — 
+ 2,300 dynes cm sec^? (P <0.05). The isovolumic - 
fractional rate of change of power measured at 55 _ 
mm Hg in patients with normal performance was 31 
+ 6 sec^!, and in those with abnormal performance it 
was 16 + 3 sec”! (P <0.05). Maximal 1/p dp/dt also 
distinguished between groups. In those with normal | 
performance, it was 39 + 2 sec-!, and in those with 
abnormal performance it was 30 + 3 sec! (P «0.05). 
In patients with normal ventricular performance, 
peak tension was reached significantly sooner after 
the onset of ejection (47 + 3 msec) than in patients 
with reduced performance (64 + 3 msec) (P <0.01). 
Correlation with peak tension: The relation to 
peak tension of the variables that contribute to the 
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FIGURE 2. Effects in seven dogs of augmentation of the afterload 
and of the preload upon the ejection rate of change of power 
[d(power)/dt] measured at peak tension. Changes were not signifi- 
cant (NS) (paired t test). 
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rate of change of power is illustrated in Figures 4 
through 6. The extent of radial shortening was re- 
duced in patients with abnormal performance. 
Therefore, the systolic increase of tension in such pa- 
tients was more dependent upon pressure. Peak ten- 
sion occurred later during the slowly rising portion of 
the pressure curve that it did in those with normal 
performance (Fig. 4). Since flow was approximately 
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FIGURE 3. Values of various ejection indexes 
of performance measured in patients with nor- 
mal and abnormal ventricular performance. The 
peak ejection rate of change of power 
[d(power)/dt] showed no overlap of values, 
whereas maximal values of the rate of change 
of flow (dQ/dt), power and flow showed over- 
lap. The mean values for each of these ejection 
indexes differed significantly in the two groups. 
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FIGURE 4. Tension along the ven- 
PRESSURE. tricular wall, length of the minor 
30 radius of the ventricle and pres- 
sure generated by the ventricle 
shown during a single cardiac 
contraction in a patient with nor- 
mal ventricular performance 
(left) and one with abnormal ven- 
tricular performance (right). Time 
is measured from the onset of 
ejection. Since the extent of radi- 
al shortening is less in patients 
with abnormal performance, 
changes of tension are more de- 
pendent on changes of pressure. 
Peak tension in the patient with 
abnormal performance occurred 
closer to peak ventricular pres- 
sure than it did in the patient with 
normal performance. 
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coincident with pressure, peak tension in the pres- 
ence of abnormal performance occurred near maxi- . 
mal values of flow (Fig. 5). On the other hand, peak 
tension in normally performing ventricles occurred 
well before maximal flow was reached, and in prox- 
imity to the maximal rate of change of flow (Fig. 5). 
In normal persons, therefore, peak tension occurs 
near maximal values of the rate of change of flow, 
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FIGURE 5. Aortic flow and rate of change of 
flow (dQ/dt) shown in relation to tension along 
the ventricular wall (same patients as in Fig. 4). 
In the patient with abnormal ventricular perfor- 
mance, peak tension occurred coincident with 
peak flow. In the patient with normal perfor- 
mance, peak tension occurred on the upstroke 
of flow and in proximity to the maximal rate of 
change of flow. The ejection rate of change of 0 
power (not shown) paralleled the course in time 

of the rate of change of flow. 


RATE OF CHANGE OF AORTIC FLOW 


8 
FIGURE 6. Rate of change of X10 


power [d(power)/dt], length of 
the minor ventricular radius, rate 
of radial shortening (dr/dt) (shown 
inversely), and tension along the 
ventricular wall during ejection 
(same patients as in Fig. 4 and 5). 
In the patient with normal perfor- 
mance (left), peak tension oc- 
curred before maximal dr/dt and 
in proximity to the maximal accel- 
eration of shortening of the radius 
(not shown). This would nearly 
coincide with maximal values of 
d(power)/dt. In the patient with 
abnormal performance (right), 
peak tension occurred near maxi- 
mal dr/dt and therefore at low 
values of the maximal accelera- 
tion of radial shortening (not o 
shown) and low values of 
d(power)/dt. 
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whereas in patients with abnormal performance, it is 
measured at low values of the rate of change of flow. 
Since the rate of change of flow is the dominant term 
in the ejection rate of change of power, the course in 
time of the ejection rate of change of power parallels 
that of the rate of change of flow. Therefore, these 
observations are reflected in the rate of change of 
power. At the time of peak tension in normal 
subjects, the ejection rate of change of power is near- 


. ly at maximal values, whereas in abnormal subjects it 


is at nonmaximal values. 

Relation with rate and acceleration of radial 
shortening: The reason for the association of peak 
tension with nearly maximal values of the rate of 
change of power in patients with normal performance 
and with nonmaximal values in those with abnormal 
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performance is evident by inspection of their rela- 
tions with the rate (dr/dt) and acceleration of radial 
shortening. This is apparent by inspection of Figures 
5 and 6 if one keeps in mind that flow is a function of | 
dr/dt and the radius, and rate of change of flow is a 
function of the acceleration of radial shortening 
(d?r/dt?) and the radius. Maximal values of the rate 
of change of power parallel the maximal rate of 
change of flow. The acceleration of shortening is the 
predominant term in both the rate of change of 
power* and the rate of change of flow. In patients 


* Order of magnitude analysis confirms this fact. We thank Ed- 
ward F. Blick, PhD, Professor of Aerospace, Mechanical and Nucle- - 
ar Engineering at the University of Oklahoma College of Engineering 
for this mathematical analysis. M Le 
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- with normal performance, peak tension occurs in 


proximity to the maximal acceleration of radial 
- shortening and therefore in proximity to the maximal 


rate of change of power. In patients with abnormal 


performance, it occurs in proximity to maximal flow, 


which reflects maximal dr/dt. This occurs coincident 


-= with a nonmaximal value of the acceleration of radial 


shortening, which corresponds to a nonmaximal 


. value of the ejection rate of change of power. 


Discussion 


Rate of change of power at peak tension and 


ventricular geometry: The ejection rate of change 


of power at peak tension is theoretically important 
because it reduces to an expression of tension, length 
and velocity of shortening of muscle fibers. It is 


. therefore a function of all of the attributes required 
to describe the contractile state of the myocar- 
dium.” This is true irrespective of any assumptions 


related to the geometric configuration of the ventri- 


cle. However, to describe this relation mathematical- 
ly requires a simple geometry of the ventricle and an 


assumption of the geometric configuration. If one as- 


sumes a spherical ventricle with a thin wall, the rate 
of change of power at peak tension becomes*: 
d(power)/dt 


_ = 8xT [(dr/dt)? + r d?r/dt?] (2) 
at peak tension 


— If the ventricle were assumed to have a different con- 


figuration, the ejection rate of change of power at 


= peak tension could nevertheless by described in 


- terms of length, tension and rate of muscle shorten- 
- ing, but the relation would be more complex. 


In this study only the calculation of the time of oc- 
currence of peak tension, and therefore the time of 
measurement of the ejection rate of change of power, 


- is dependent upon the method by which tension is 


. calculated. A spherically shaped ventricle with a thin 


wall was assumed for the calculation of wall tension. 
'The time to peak tension (force per unit length) and 
the time to peak stress (force per cross-sectional 
area) are nearly identical.!! Therefore, the results of 
our investigation would be virtually unchanged 
whether measurements were made at peak tension 
(thin-walled model) or peak stress (thick-walled 
model). The calculation of peak tension could be per- 
formed on the basis of any geometric model. 
Relation to other measures of ventricular per- 
formance: Although the instantaneous relations be- 
tween force, velocity and fiber length have been 
found useful in the intact heart for the characteriza- 


tion of myocardial contractility,^" these measures of 


* We have previously shown that in the case of a spherically 


_ shaped ventricle, the ejection rate of change of power can be ex- 


pressed as: 


d?r, drdT e 
8r | Tr—+r—— +T (— 
| ' de "dt dt dr 


where T = tension, and r = radius. Since dT/dt equals zero at peak 


. tension, Equation 2 is readily derived from this expression. 
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contractile performance have not previously been re- 
lated by any equations or expressions descriptive of 
ventricular performance. Graphic analysis of myocar- 
dial function has been provided by a three-dimen- 
sional perspective plot of tension, velocity and cir- 
cumference.’ Such a construct can provide a graphic 
analysis of various combinations of velocity, extent of 
shortening or dilation and wall tension.’ Two of the 
contractile indexes of importance (length and ten- 
sion) in combination with a constant radius (dr/dt = 
0) have been combined in a meaningful fashion by 
the equation descriptive of the isovolumic rate of 
change of power, and this hemodynamic expression 
has been shown to be useful. The ejection rate of 
change of power, however, is the only hemodynamic 
expression that interrelates all three terms that de- 
scribe the contractile state. Other terms, including 
the rate of change of tension, are also included in the 
ejection rate of change of power.? However, when this 
index is measured at peak tension, the complexity of 
this relation is diminished since at the time of peak 
tension the rate of change of tension is zero. 

Correlation with velocity of contractile ele- 
ment shortening: The rate of change of power at 
peak tension can be expressed in terms of the veloci- 
ty of contractile element shortening. At peak tension 
the velocity of elongation of the series elastic be- 
comes zero. Therefore, at peak tension the velocity of 
circumferential fiber shortening equals the velocity 
of contractile element shortening.? One need not as- 
sume that the coefficient of series elastic is the same 
in all patients. However, assumptions of ventricular 
geometry, a particular muscle model, homogeneous 
fiber orientation, regular distribution of forces, and 
symmetric contraction are required.?:!? If one is will- 
ing to make such assumptions, the ejection rate of 
change of power measured at peak tension can be cal- 
culated in a relatively noncomplex fashion in terms 
of the rate of shortening of a theoretical contractile 
element, tension, fiber length, and the relative accel- 
eration of circumferential fiber shortening. The rela- 
tion would be as follows (see Appendix): 

Rate of change or power _ oo PIG? + Ace] 
at peak tension 
where Vcr = relative velocity of contractile element 
shortening (sec^!), and Acr = relative acceleration of 
circumferential fiber shortening (sec~”). 

This analysis may suggest why the ejection rate of 
change of power at peak tension so clearly distin- 
guished between patients with normal and abnormal 
performance. It is particularly at the time of peak 
myocardial tension that force-fiber shortening rela- 
tions provide useful information in the intact heart 
because the velocity of contractile element shorten- 
ing can be evaluated with reasonable validity at that . 
time.? Again, we emphasize that the ejection rate of 
change of power at peak tension was calculated on 
the basis of pressures and flows and their rates of 
change. All calculations were independent of the as- 
sumptions required for expression of the ejection rate 
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of change of power at peak tension in terms of the ve- 
locity of contractile element shortening. 
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APPENDIX 


When Equation 2 is expressed in terms of the relative 
shortening and relative acceleration of shortening of the 
ventricular radius, it becomes: 


= 8rT E (sat? 
E) os 


But the relative velocity of circumferential fiber shorten- 
ing, Vcr, is 1/r dr/dt (sec^!). In the same style of presenta- 
tion, the relative acceleration of circumferential fiber 


Rate of change of power 
at peak tension 
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shortening, Acr; can be defined as 1/r d?r/dt? (sec 2). 
Therefore, substituting in Equation 1A: 


Rate of change of power 


= Sa T r?I(Veg)? + A 9A 
at peak tension bi. [í cr) cr] (2A) 


we note that Vcr = Vcg — Vsg, where Vcg = relative rate 
of contractile element shortening (sec^!), and Vgg = rela- - 
tive rate of elongation of the series elastic (sec~'). | 

At peak tension, the rate of change of tension and rela- 
tive rate of change of tension become zero. Therefore, Vse 
= 0 at peak tension. Consequently, at peak tension Vor = = 
Vck. 

Substituting in Equation 2A: 

Rate of change d power | T r[(Vcg?? + Acr] (3A) 
at peak tension | 

These calculations assume a three component model for - 
cardiac muscle as described by A. V. Hill, homogeneous - 
fiber orientation, regular distribution of forces across the- 
ventricular wall, and symmetric contraction of the ventri- 
cle,!? as well as a spherically shaped ventricle with a thin 
wall. 
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Krypton-81m, a radionuclide emitting a 190 kev gamma ray, has a 
half-life of 13 seconds. It is a radioisotope of an inert water-soluble 
noble gas and is produced at a constant rate by spontaneous decay of 
rubidium-81 in an ®'Rb-°'"Kr generator-delivery system. Delivery is 
through a minibore Teflon catheter that can be threaded through a 
standard no. 7 or 8F angiographic catheter. The generator is eluted by 
5 percent dextrose-in-water, delivered by infusion pump at 1.5 ml/min, 
and the eluate is infused intraarterially directly into any organ. Deliv- 
ery and decay reach equilibrium within 2 minutes, producing a hetero- 
geneous distribution that is proportional to the perfusibility of the tis- 
sue concerned and the time required to reach it. The ultrashort half- 
life of the radionuclide rapidly eliminates activity when delivery ceas- 
es; thus, experiments can be sequentially repeated at brief intervals. 
The radiation hazard for easily imaged doses is negligible. 

Preliminary studies in open chest dogs were visualized by scintilla- 
tion camera, stored on digital data disk, processed, and displayed in 
dual channel, dual color mode on a video system. Images of myocar- 
dial perfusion defined relative levels of perfusion, collateral circulation 
between coronary arterial branches, equilibrium time of diffusible per- 
fusion of the myocardium, focal defects in induced occlusion, collater- 
al circulation to occlusion, and reactive hyperemia after release of in- 
duced coronary occlusion. The system and technique appear applica- 
ble to human subjects. 


Both noninvasive and invasive studies of myocardial perfusion have 
been intensely pursued. In recent years, this has led to evaluation of 
numerous radionuclides and labeled substances, characterized as 
nondiffusible or diffusible in terms of their penetration of the capil- 
lary membrane. The large number of substances used and the variety 
of monitoring and scintigraphic approaches are testimony to the 
great urgency of solving the problems of myocardial perfusion. 

These radioactive agents may be characterized by their physiologic 
properties. A significant category includes the metabolically active 
ions and analogs of potassium that concentrate in the myocardium.!-? 
A subcategory of metabolic concentration is represented by nutritive 
substances that are accumulated in the myocardium against a gradi- 
ent.^? A third group of substances, exemplified by the technetium- 
labeled polyphosphates, localizes in recently infarcted dying myocar- 
dium.? All of these agents localize selectively in the myocardium 
when administered intravenously and do so in very high concentra- : 
tion wheh perfused directly into the coronary arteries. Other groups 
of labeled agents, the nondiffusible labeled particulate sub- 
stances!?!! and the diffusible soluble radioactive gases, have no spe- 
cific affinity for the myocardium and define it only by intracoronary 
injection. 
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| MAE Radioactive Gases for 
Studying Myocardial Perfusion 


As an introduction to the use of krypton-81m, we briefly 
summarize the state of the art of using diffusible radioac- 
tive gases to perfuse the myocardium. Herd et al.!? studied 
myocardial blood flow in dogs using krypton-85. Xenon- 
133, which has more desirable radiation properties, has re- 
placed ®°Kr as an externally monitored radioactive gas. Re- 
cent studies!? evaluated myocardial blood flow in coronary 
bypass grafts by washout techniques using !??Xe and a 
scintillation probe. Intracoronary injection of !??Xe was 
employed in dogs!*:!° to visualize myocardial perfusion and 
occlusion of coronary arteries produced by mercury emboli. 
Transmural infarctions were investigated!9 with !??X e, and 
washout of this gas to define areas of abnormal myocardial 
perfusion in coronary artery disease has been reported.!? 

In light of the variety of attempted technical solutions to 
the problem of defining myocardial perfusion, new agents 
are likely to be useful only if they have specific properties 
not available in existing methods. The rubidium-81-kryp- 
ton-81m generator-delivery system previously reported by 
our group!?-?* has such properties, as will be described. 

The generator-delivery system is based upon the spon- 
taneous decay of rubidium-81 to krypton-81m. The ?!Rb is 
firmly bound to a cation exchange resin; the generated 
5!mKr is not bound to the resin and may be eluted by a 
stream of water or dextrose solution delivered to the gener- 
ator by a pump. The scintillation camera, data acquisition, 
storage and processing systems are all standard commer- 
cially available instruments. 

The generator has the 4.58 hour half-life of the 8!Rb and 
may be continuously eluted at a rate of 1.5 ml/min with 
sterile 5 percent dextrose-in-water from a constant rate 
infusion pump. The eluted solution contains dissolved 
5!ImKr gas, which is produced continuously. This gas is 
chemically and biologically inert, soluble in plasma and 
readily diffusible through capillary membranes. It decays 


catheter 


_ FIGURE 1. Diagrammatic representation of the place- 


ment of the Teflon minibore catheters into the left an- 


_ terior descending and circumflex branches of the left 


‘coronary artery. The catheters were held in place by 


7 small purse-string sutures. 
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with a half-life of 1 13 haidi ENAA, a monoenergetic 190 
kev gamma ray that is ideal for gamma camera detection. 
The solution is delivered intraarterially through a Teflon® 
catheter with an outer diameter of 0.686 mm and an inner 
diameter of 0.381 mm.24 This minibore catheter is. easily: 
threaded through the lumen of catheters routinely used in. 
coronary arteriography. The 9'^Kr gas, in solution and 
under continuous infusion, equilibrates with the extravas- 
cular space; a scintigraphic i image is constantly maintained 
as the new generation of *!™Kr replaces the amount Aet by 
decay. 

This system has been used in dogs to (aati myocar- 
dial perfusion, define collateral circulation between 
branches of the left coronary artery, define equilibration 
time in perfusion in induced coronary arterial occlusion, 
define collateral circulation into occluded myocardium and 
visualize the hyperemia secondary to the release of. an OC- 
cluded coronary arterial branch.?? 


Methods 


In developing this technique, perfusion of the myocar- 
dium was performed in 15 dogs; visualization could be 
maintained at a constant level or intermittently interrupt- | 
ed. The final experiments described were performed in 
three dogs. The experimental results were reproducible 
from dog to dog; in addition, because of the short half-life’ 
of °'™Kr, the experiment could be repeated in the same an- 
imal without residual activity from the preceding experi- 
ment. 

In anesthetized mongrel dogs weighing 20 kg or more the 
heart was exposed from a left lateral approach. Respiration | 
was artificially maintained. The described Teflon minibore 
catheters, 150 cm in length, were threaded into the left an- 
terior descending and circumflex branches of the left coro- 
nary artery; the catheters were held in place by small. 
purse-string sutures. The tips of the catheters could be. 
threaded retrograde to the left coronary ostium and re- 
tracted to the site of insertion (Fig. 1). Anticoagulation 
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therapy was given by administration of heparin. Ligature - 


snares were placed under the coronary arteries at selected 
sites and could be constricted externally | by extension 
through. rubber tubes. 

- The generator was shielded by 4 inches (10.16 cm) of 
lead. The shielding, constant-rate infusion pump and 
pump control were on a stainless steel cart that could be 
wheeled to within 12 inches (30.48 cm) of the scintillation 
camera. The catheter directed the output of the generator 

into the coronary artery as described. 

4 . The camera used was a Picker Dynacamera 2C with a 
2700 parallel-hole collimator designed for medium gamma 
energy. 'The information was stored and processed on the 
Elscint CDP-2 digital data disk storage and processing sys- 
tem and displayed on an Elscint VDP-2 dual channel video 
display system as a digital 96 by 96 matrix in which the in- 
tensity of each display point was represented as eight levels 
iod grey or of color. 

"The following procedures were performed with the gen- 
Bra ica producing a constant flux of approximately 25 mCi 
of 8!™Kr activity per 1.5 ml of 5 percent dextrose-in-water 
delivered per minute. 
ks LUC EA Results 

e 

3 3 M isbalization of the perfusion space of the left 
‘coronary artery (Fig. 2a): The catheter in the cir- 
-cumflex branch of the left coronary artery was ad- 
'vanced while perfusion was observed on the monitor 
-scope of the scintillation camera. The tip was ad- 
vanced until activity was observed in the aorta, indi- 
‘eating protrusion from the coronary arterial ostium. 
It was retracted into the left main coronary artery. 
"After 2 minutes of perfusion, a steady state condition 
existed and a scintigram of the perfusion of the left 
coronary artery was recorded. The pump was 
switched off and the activity decayed to background 
level within 2 minutes. 


— Figure 2a is the left lateral view of the perfusion of 
-£he myocardium supplied by the left coronary artery. 
"The left side of each frame is the anterior portion and 
the right side posterior. The catheter contains 9!"Kr 
- and is visualized in all views as a broad line leading to 
the heart. Radionuclide activity is heterogeneous at 
equilibrium and is proportional to the diffusion time 
‘into the myocardium and the perfusibility of the tis- 
sue. Capillary exchange time is defined by the activi- 

ty level at steady state and is referred to as the ex- 

change time; the exchange time is of the order of the 

13 second half-life of the radionuclide. The distribu- 

tion of activity emitted from a soluble radioactive gas 
of relatively long half-life, such as !??Xe, obtained 
during a state of equilibrium, would show homoge- 
‘neous distribution equal to the activity level in the 
vascular compartment, which differs significantly 
from the heterogeneous distribution observed with 

S81mKr.?? The short half-life of 5""Kr also accounts 
‘for the virtually absent lung activity since the radio- 


‘nuclide has decayed to insignificant levels before - 


myocardial washout and circulation of activity to the 
lungs. Interfering background activity is thus elimi- 
nated and the myocardial perfusion pattern may be 
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"viewed in various droje Don The digital matrix in 


eight bit, computer- -compatible form for each image 
point permits precise definition of activity levels and 
thus the determination of relative perfusion of any 
defined area. 

Subselective visualization of pérfiüstan of the 
circumflex branch (Fig. 2b): The catheter tip was 
retracted into the circumflex branch, without change 
in the relative positions of the detector or the dog 
from those in Figure 2a. The circumflex perfusion 
was allowed to equilibrate and the image was record- 
ed as a digital matrix on one of the 200 tracks of the 
CDP-2 digital data disk. 

The digital information for the entire left coronary 
circulation was transferred to digital memory A of 
the video display system operating in two color mode 
and was displayed as a red image (Fig. 2a). The image 
of the circumflex arterial perfusion was transferred 
to digital memory B of the system and displayed in a 
contrasting color, in this case as a blue-green image. 
The two images were displayed simultaneously as a 
single image with the two components superimposed. 
To clarify the display of the principal area of perfu- 
sion of the circumflex branch (memory B), the left 
coronary image (memory A) was modified by sub- 
traction of the B image multiplied by a constant (K). 
This may be stated as B + A (A — BK). By choosing 
an appropriate value for K, one can display the cir- 
cumflex region of perfusion with minimal overlap 
from the region of circumflex perfusion obtained dur- 
ing perfusion of the entire left coronary artery. 

Since the entire generator output has perfused the 
left coronary arterial distribution in Figure 2a and 
defined the perfusion of the circumflex circulation in 
Figure 2b, the relative distribution to the circumflex 
artery as a fraction of the entire arterial distribution 
can be determined. This is conceptually true for any 
perfused portion of the myocardium. 

Visualization of the collateral circulation of 
the circumflex branch to the remainder of the 
left coronary arterial perfusion (Fig. 2c): If the 
circumflex arterial perfusion is displayed at a higher 
range of intensity, then the superimposed image will 
allow visualization in blue-green of minimal activity 
levels. The ©!™Kr activity injected into the circumflex 
branch perfuses the entire distribution of the left cor- 
onary artery as a combination of primary and collat- 
eral circulation. 

Figure 2c represents such additional processing of 
the information shown in Figure 2b. The additional 


area covered is of relatively low activity and may be 


calculated as a fraction of the perfusion from the cir- 
cumflex distribution visualized in Figure 2b. This in- 
crement may be defined as the portion of the circum- 
flex perfusion that furnishes collateral circulation to 


the remainder of the left coronary arterial distribu- * 


tion. 


Sequential images of the filling of the circum- 


flex perfusion space (Fig. 2, d to g): With no radio- 
activity being delivered, the catheter tip was placed 
in the circumflex branch of the left coronary artery. 
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FIGURE 2. a to o, dual-channel, dual-color scintigraphic imagery of myocardial perfusion under specific conditions as described in the text. 
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The infusion pump was activated, and, as ?'^Kr ac- 
tivity reached the catheter tip, sequential digital 
image frames of 2 seconds' duration were recorded on 
the digital data disk until the observed image ap- 
peared equilibrated and did not change. The infor- 
mation in the sequential frames was summed for all 
the frames. The summation image was stored in digi- 
tal memory B of the video display system. The digital 
information for each 2 second sequence was stored on 
sequential frames of the digital data disk and pro- 
cessed as previously described. 

The sequential imaging of the increasing perfusion 
of the circumflex arterial space observed at 2 second 
intervals, superimposed upon and subtracted from 
the summation of eight such images, is displayed in 
red for the sequential images and in green for the 
Summation (Fig. 2d). Filling of the circumflex artery 
occurs ropidly and is represented in Figure 2e, which 
illustrates the first 2 second interval. The flow of the 
diffusible ®'™Kr into the myocardium is demon- 
strated in subsequent sequences at 6 seconds (Fig. 2f) 
and 10 seconds (Fig. 2g). After the 10 second se- 
quence, equilibration has occurred and no further 
change is observable. 

Clearly, valuable information could be obtained by 
repeating such kinetic studies under the influence of 
vasoactive agents or conditions. 

Visualization of occlusion of the circumflex 
‘branch while perfusing the left main coronary 
artery (Fig. 2, h to k): The perfusion of the left cor- 
onary circulation was visualized by the same method, 
using the minibore catheters. The image produced at 
equilibrium is seen in Figure 2h, demonstrating het- 
erogeneity of activity and including induced ischemia 
of the left auricular appendage. The flow was discon- 
tinued and the image disappeared because of radio- 
nuclide decay. 

With the detector and dog in unchanged positions, 
a snare encircling the circumflex branch beyond the 
supply to the left auricular appendage was tightened, 





occluding flow distal to that point. The delivery of 
5!ImKr solution was restarted and maintained for 45 
seconds while the main left coronary artery was per- 
fused. 

The production of a negative focal defect upon oc- 
clusion of the circumflex artery by a snare beyond 
the auricular supply is readily apparent (Fig. 2i). A 
more subtle effect is the diversion of perfusion into 
the previously ischemic auricle. To verify the defect 
as representing tissue perfusion from distribution of 
the circumflex artery, a dual channel subtraction 
scintigram of the selective perfusion from the circum- 
flex circulation with no relative detector or subject 
change is seen in Figure 2j. The occlusion of the cir- 
cumflex artery is confirmed by the maneuver. 

Collateral circulation into the myocardium nor- 
mally perfused by the circumflex artery is demon- 
strated by display of the image during occlusion (Fig. 
21) at higher intensity (Fig. 2k), indicating the activi- 
ty at the site of the negative focal defect. This infor- 
mation may be defined by the edge of the focal defect 
and expressed in terms of the collateral fraction. 

Visualization of flow diversion from the cir- 
cumflex artery by induced occlusion (Fig. 2, 1 to 
0): Occlusion of the circumflex artery while it is se- 
lectively infused is seen in Figure 2, l to o. Figure 21, 
in red, shows the perfusion pattern of the circumflex 
arterial distribution before occlusion during a state of 
equilibrium. Figure 20, in green, shows the distribu- 
tion of activity after induced occlusion, indicating di- 
version of flow from the normal circumflex pattern. 
Dual channel, dual color subtraction scintigraphy 
verified the pattern as extrinsic to the normal cir- 
cumflex distribution. Figure 2m shows such a display 
with the diverted activity producing a focal negative 
defect in the occluded site. Lesser subtraction (Fig. 
2n)indicated that the focal defect receives collateral 
circulation from this diverted flow. Verification in 
digital terms of the collateral fraction from diversion 
is readily obtained. 


FIGURE 3. Perfusion of the cir- 
cumflex artery before (a) and 
after (b) occlusion, demonstrat- 
ing reactive hyperemia as a re- 
sponse to release of the occlu- 
sion. 
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Visualization of reactive hyperemia after re- 
lease of the occluded circumflex artery (Fig. 3, a 
and b): The perfusion of the myocardium from the 
artery before and after experimental occlusion of 45 
seconds' duration results in a larger volume of per- 
fused myocardium after occlusion. This is docu- 
mented in Figure 3, a and b, in which the scintiscans 
preceding and immediately following occlusion are 
compared; the latter may well be interpreted as indi- 
cating reactive hyperemia. The recent work of Ritch- 
ie et al.,!! in which the reactive hyperemia after in- 
tracoronary injection of labeled particulates did not 
produce scintigraphic images indicative of altered 
flow, is contrary to the information reported here. 
The use of *!^Kr as a diffusible indicator may well 
define the site of reactive hyperemia at the capillary 
level rather than at the precapillary site defined by 
microspheres. 


Discussion 


Clinical implications: Application of the *!Rb- 
5!mKr generator and delivery system to evaluation of 
human ischemic heart disease appears to be immi- 
nent. We have produced a sterile pyrogen-free ver- 
sion of the generator,”4 and have obtained permission 
from the Food and Drug Administration to use the 
system in human studies. The performance of subse- 
lective catheterization of branches of the coronary ar- 
tery, by using the standard angiographic catheter, 
threading the minicatheter into the coronary ostium 
and retracting the larger catheter to prevent occlu- 
sion, may be anticipated. Evaluation in animal mod- 
els would certainly be required, as would the hazard 
of threading the minicatheter into an arterial system 
embarrassed by partial occlusion due to atheroscle- 
rotic plaques. Because the catheters used have a 
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small outer diameter (0.686 mm), they should be 
safely retained in the coronary artery for long time 
periods. 

Advantages of method: Additional advantages of 
the method are that the high level of activity permits 
images to be obtained approximately 1 minute after 
equilibrium is reached, the 190 kev gamma energy is. 
appropriate for the gamma camera, and the high ac- 
tivity level is compatible with the statistical require- 
ments for three dimensional emission reconstruction. 

The perfusion of the myocardium with 9!"Kr may 
preferentially specify this agent as an inert relatively 
safe means of imaging and quantifying capillary ex- 
change i in the myocardium, with only the risk inher- 
ent in invasive arterial catheterization. The ultra- 
short half-life of this radionuclide characterizes it 
uniquely as providing time-dependent heterogeneity 
of perfusion. Continuous generation of §'™Kr and its 
ultrashort half-life allow repetition of experiments. 
after brief intervals, totally free of any residual radio- 
activity. When delivery is discontinued, the activity 
decreases to undetectable levels within 2 minutes. 
The option exists of repeating the experiment under. 
conditions produced by vasoactive drugs, exercise, 
electrical pacing, physiologic gating and reversible or 
nonreversible injury. Radiation exposure is minimal; 
because of the rapid decay of activity. 

Finally, the use of *""Kr allows the monitoring by. 
direct imaging of moment-to-moment changes in 
myocardial perfusion. The specific and unique prop- 
erties of the *'Rb-?!"»Kr generator-delivery system . 
have made possible the detailed studies described in 
the perfusion of the myocardium of the dog. Similar 
studies and elaboration of the described techniques. 
appear to be applicable to defining altered perfusion — 
and response of the myocardium in patients with- 
ischemic heart disease. | 
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for therapy or prophylaxis of potassium deficiency. 
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ticosteroids, or severe vomiting and diarrhea cause 
excessive excretory potassium losses; and when 
dietary potassium is low. Carefully monitored, it may 
also be useful for potassium replacement where dig- 
italis intoxication results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oli- 
guria or azotemia; Addison's disease, hyperkalemia 
from any cause. 

Warnings and Precautions: Since the amount of po- 
tassium deficiency may be difficult to determine 
accurately, supplements should be administered 
with caution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxica- 
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tion rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are 
variable. They include listlessness, mental confusion, 
and tingling of the extremities. Frequent checks of 
the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypo- 
kalemia, attention should also be directed toward 
other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized 
patients and such patients should be monitored by 
ECG for cardiac irregularities. To minimize the pos- 
sibility of gastrointestinal irritation associated with 
the oral ingestion of concentrated potassium salt 
preparations, patients should be carefully directed 
to dissolve each dose completely in the stated 
amount of water. 
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Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort may occur with the use of 
potassium salts. 

Dosage and Administration: Adults: 1 tablet (25 mEq. 
potassium) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending upon 
the requirements of the patient. The normal adult 
daily requirement is approximately 50 mEq. of ele- 
mental potassium. NOTE: It is suggested that this 
product be taken with meals and sipped slowly over 
a 5-10 minute period. 

How Supplied: K-Lyte effervescent tablets (orange or 
lime flavors) cartons of 30 and 250. 
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elderly patients, diabetics, and those 
with suspected or confirmed renal in- 
sufficiency. Potassium supplements 
should not be used unless dosage adjust- 
ment fails to control excessive potassium loss 
and/or hypokalemia develops. 


SKSSF CO. 


Carolina, P.R. 00630 
Subsidiary of SmithKline 
Corporation 

See last page of this advertisement for indications 
and brief summary of prescribing information. 


IN CARDIAC EDEMA’ 


(triamterene xo) 


Capsules, 50 and 100 mg. ‘ 


IS THE DIFFERENCE IN 


DYAZIDE 


Each capsule contains 50 mg. of Dyrenium® 
(triamterene, SK&F Co.) and 25 mg. of 
hydrochlorothiazide. 








TO HELP MAINTAIN FLUID OUTPUT, 
LIMIT POTASSIUM LOSS 


The combination of triamterene and hydrochlorothiazide 
works to provide a smooth, dependable diuretic effect, 
as it helps to reduce the risk of digitalis intoxication 
due to diuretic-induced potassium depletion. 
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‘Dyazide’ can cause 
hyperkalemia, although it 
is rare in patients with 
normal renal function. 
Serum K* and BUN should 
be checked periodically, 
particularly in elderly 
patients, diabetics, and 
those with suspected or 
confirmed renal 
insufficiency. Potassium 
supplements should not be 
used unless hypokalemia 
develops or normal dietary 
K* intake is markedly 
impaired. 





SI«GF CO. 


Carolina, P.R. 00630 
Subsidiary of SmithKline 






$ 
(triamterene. SK&F CO./ Capsules, 50 and 100 mg. 
POTASSIUM-SPARING DIURETIC 


LOGICAL ADJUNCT TO OTHER DIURETICS 
IN CONGESTIVE HEART FAILURE. 


Before prescribing, see complete prescribing information in SK&F literature or PDR. The 
following is a brief summary. 


Indications: Edema associated with congestive heart failure, cirrhosis and nephrotic 
syndrome; steroid-induced edema, idiopathic edema, edema due to secondary 
hyperaldosteronism and edema resistant to other diuretic therapy. 


Contraindications: Severe or progressive kidney disease or dysfunction (possible 
exception: nephrosis). Severe hepatic disease. Pre-existing elevated serum potassium. 
Hypersensitivity to the drug. Continued use in developing hyperkalemia. Do not give 
potassium supplements, either by drug or by diet. 


Warnings: Observe regularly for possible blood dyscrasias, liver damage or other 
idiosyncratic reactions. Blood dyscrasias have been reported. Check BUN and serum 
potassium periodically, especially in the elderly, diabetics, and those with suspected or 
confirmed renal insufficiency. Use in pregnancy only when essential to patient welfare. 


Dyrenium (triamterene, SK&F) and spironolactone are not usually used concurrently; if 
they are, however, frequent serum potassium determinations are required. 


DYAZIDE 


Each capsule contains 50 mg. of Dyrenium® 


(triamterene, SK&F Co.) and 25 mg. of hydrochlorothiazide. 


Precautions: |f hyperkalemia develops, withdraw the drug. The following may also occur 
electrolyte imbalance, low-salt syndrome (with low salt intake), reversible mild nitrogen 
retention, decreasing alkali reserve with possible metabolic acidosis. Do periodic 
hematologic studies in cirrhotics with splenomegaly. Concomitant use with 
antihypertensive drugs may result in an additive hypotensive effect. When 'Dyrenium' is t 
be discontinued after intensive or prolonged therapy, withdraw gradually because of 
possible rebound kaliuresis. 


Adverse Reactions: Diarrhea, nausea and vomiting (may indicate electrolyte imbalance) 
other gastrointestinal disturbances, weakness, headache, dry mouth, anaphylaxis, 
photosensitivity, elevated uric acid, rash. 


Note: When combined with another diuretic, the initial dosage of each agent should be 
lower than recommended. 


Supplied: 50 and 100 mg. capsules, in bottles of 100 and in Single Unit Packages o! 
100 (intended for institutional use only). 





POTASSIUM-SPARING DIURETIC 


LOGICAL SELECTION FOR MAINTENANCE 
IN LONG-TERM CONTROLOF CARDIAC EDEMA. 


Before prescribing, see complete prescribing information in SK&F literature or PDR. The 
following is a brief summary 


WARNING 
This fixed combination drug is not indicated for initial therapy of edema or hyperten- 
sion. Edema or hypertension requires therapy titrated to the individual patient. If the 


fixed combination represents the dosage so determined, its use may be more conve- 
nient in patient management. The treatment of hypertension and edema is not static, 
but must be reevaluated as conditions in each patient warrant. 


Indications: Edema: That associated with congestive heart failure, cirrhosis of the liver, the 
nephrotic syndrome; steroid-induced and idiopathic edema; edema resistant to other 
diuretic therapy. Mild to moderate hypertension: Usefulness of the triamterene component 
is limited to its potassium-sparing effect. 


Contraindications: Pre-existing elevated serum potassium. Hypersensitivity to either 
component. Continued use in progressive renal or hepatic dysfunction or developing 
hyperkalemia. 


Warnings: Do not use dietary potassium supplements or potassium salts unless 
hypokalemia develops or dietary potassium intake is markedly impaired. Enteric-coated 
potassium salts may cause small bowel stenosis with or without ulceration. Hyperkalemia 

(> 5.4 mEq/L)has been reported in 496 of patients under 60 years, in 1296 of patients over 60 
years, and in less than 896 of patients overall. Rarely, cases have been associated with cardiac 
irregularities. Accordingly, check serum potassium during therapy, particularly in 
patients with suspected or confirmed renal insufficiency (e.g., or diabetics). If 
hyperkalemia develops, substitute a thiazide alone. If spironolactone is used 
concomitantly with ‘Dyazide’, check serum potassium frequently—both can cause 





potassium retention and sometimes hyperkalemia. Two deaths have been reported in patier 
on such combined therapy (in one, recommended dosage was exceeded; in the other, seru 
electrolytes were not properly monitored). Observe patients on 'Dyazide' regularly for 
possible blood dyscrasias, liver damage or other idiosyncratic reactions. Blood dyscrasias 
have been reported in patients receiving Dyrenium (triamterene, SK&F). Rarely, leukopenia 
thrombocytopenia, agranulocytosis, and aplastic anemia have been reported with the 
thiazides. Watch for signs of impending coma in acutely ill cirrhotics. Thiazides are reported 
cross the placental barrier and appear in breast milk. This may result in fetal or neonatal 
hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism and possibly othe 
adverse reactions that have occurred in the adult. When used during Ereanancy orin 
women who might bear children, weigh potential benefits against possible hazards to fet 


Precautions: Do periodic serum electrolyte and BUN determinations. Do periodic 
hematologic studies in cirrhotics with splenomegaly. Antihypertensive effects may be 
enhanced in postsympathectomy patients. The following may occur: hyperuricemia and go 
reversible nitrogen retention, decreasing alkali reserve with possible metabolic acidosis, 
hyperglycemia and glycosuria (diabetic insulin requirements may be altered), digitalis 
intoxication (in hypokalemia). Use cautiously in surgical patients. Concomitant use with 44 
antihypertensive agents may result in an additive hypotensive effect. 'Dyazide' interferes wi' 
fluorescent measurement of quinidine. 


Adverse Reactions: Muscle cramps, weakness, dizziness, headache, dry mouth; 
anaphylaxis; rash, urticaria, photosensitivity, purpura, other dermatological conditions; 
nausea and vomiting (may indicate electrolyte imbalance), diarrhea, constipation, other 
gastrointestinal disturbances. Necrotizing vasculitis, paresthesias, icterus, pancreatitis, 
xanthopsia and, rarely, allergic pneumonitis have occurred with thiazides alone. 


Supplied: Bottles of 100 capsules; in Single Unit Packages of 100 (intended for 
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Tilting a delicate balance. | 
Certain diuretics such as thiazides, furosemide, 
and ethacrynic acid* may remove potassium and the 


resulting potassium deficit can rapidly trigger arrhythmias 
in the digitalized patient. 


*Potassium supplements should not be administered with any potassium-sparing diuretics 
such as spironolactone and triamterene. 





Kod CL 20% 


(potassium chloride) 


Offers an economical, convenient 
therapeutic dose to correct hypokalemia 
or treat mild digitalis intoxication. 


CONVENIENT, ECONOMICAL DOSAGE 


m Onetablespoon (15 ml.) 
provides 40 mEq. each of potas- 
‘sium and chloride...nearly twice 
the potassium content of most 
single effervescent tablets or 
packets of powder. 







m Pleasant Cherry Flavor: | 
One tablespoon (15 ml.)mixed with | — 
six fluid ounces of water or other [ PY 
— liquid, few palatability problems are 
. encountered. Kaon-CL 20% must 
. bediluted before administration = 
. toavoid gastrointestinal irritation. {N 


— 
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Kaon-CL 20%™ (potassium chloride) Sugar-Free. 
Description: Each 15 mi (tablespoonftul) supr 4 
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Peritrate SA sustained Action 








chloride. 3 g) with saccharin and flavoring Alcohol £ : : 
Indications: Kaon-CL 20% is indicated for the treatment (pentaerythritol tetranitrate) 80mg 
met ex tape 2nd toe thes treater E ot-dieflalis In. CAUTION: Federal law prohibits dispensing 
toxication, During therapy serum potassium levels should without prescription. 
Beo as dap ADON ING DOSAGE EC Ur | Description: Each tablet of Peritrate SA 
zu ndi toate P preventiot , potassium depletior Sustained Action contains: pentaerythritol 
when the dietary intake of potassium is inadequate for t! tetranitrate 80 mg (20 mg in immediate 
purpose. The prophylact ninistf release layer and 60 mg in sustained release 
ee a Pa IUE Me | base). Peritrate* (pentaerythritol tetrani- 
hepatic cirrhosis wit! t trate) isa nitric acid ester of a tetrahydric 
on Tangstém-diutetid therapy, nyperaieoster alcohol (pentaerythritol). 
with normal renal function, the nephrot indt 
certain diarrheal states 
Casiesudicatións: Potassium supplemt Indications: Based on a review of this drug 
traindicated in patients with hyperkalen by the National Academy of Sciences — 
peres oe Go POSSAM Roneen " sh National Research Council and/or other 
complicate any of the following condit 5 information, FDA has classified the indica- 
failure, systemic acid j } tions as follows: 
GERYEN ALOR exense. t dle 5 eed hk Possibly" effective: Peritrate (penta- 
Ass SER EPA dnd hiret Bie avant P erythritol tetranitrate), is indicated for the 
terene) relief of angina pectoris (pain associated 
Warnings: D with coronary artery disease). It is not 
er cove Qd aim | intended to abort the acute anginal 
adaac.and Administrat episode but it is widely regarded os use- 
|n patients with echanisi ful in the prophylactic treatment of angina 
pot m, the adminis pectoris. 
ee nore ASN Final classification of the less-than- 
té but may ài | effective indications requires further 
orally. Potentially fatal hyperkalemia car investigation. 
and be asymptomatt 
PM sis ah Tae. Ai Contraindications: Peritrate SA Sustained 
fü ring Action (pentaerythritol tetranitrate) 80 mg is 
| appropriate a contraindicated in patients who have a history 
AA Pie bl «sp d of sensitivity to the drug. 
ng diureti 1. SI : Warning: Data supporting the use of Peritrate 
simultaneou | (pentaerythritol tetranitrate) during the 
4) 544 dedos | early days of the acute phase of myocardial 
aPuloerative lesion e infarction (the period during which clinical 
lesions are caused j} j and laboratory findings are unstable) are 
nass iu ' insufficient to establish safety. 
Stk hem This drug.can act as a physiological 
Hypokalemia ín patier antagonist to norepinephrine, acetylcholine, 
edt aseo oM Gy d histamine, and many other agents. 
bate ar Eatace tui OIL Precautions: Should be used with caution in 
Precautions: The diag! patients who have glaucoma. Tolerance to 
Oinariy Thage Dy.cemonsirating hypokale this drug, and cross-tolerance to other nitrites 
M m neff Paolo PT lén LASS Meer | and nitrates may occur. 
level, the physicia r | Adverse Reactions: Side effects reported to 
aK i | date have been predominantly related to rash 
Al eee a pag ae : | (which requires discontinuation of medication) 
into Hh ab Feira" he ‘or and headache and gastrointestinal distress, 
total body potassium. T f which are usually mild and transient with con- 
d a N | tinuation of medication. In some cases severe 
Bee thee ‘end. anctdpriate.; monitoring | persistent headaches may occur. 
electrolytes, the electrocardiogram, and the cl in addition, the following adverse reactions 
of the patient. — to nitrates such as pentaerythritol tetranitrate 
AbDyerse Reactions: fh | have been reported in the literature: 
dominal 'tfiscomlort a T (a) Cutaneous vasodilatation with flushing. 
due to irritation of tn (b) Transient episodes of dizziness and 
b Ab gei tid Mes etiain weakness, as well as other signs of 
he most severe adverse effects are hyperkalemia (see cerebral ischemia associated with 
Contraindications, Warnings and Overdosage) and | postural hypotension, may occasionally 
Resi) dels a nal obstruction, bleeding or perioral ec | develop. 
Overdosage: The ratior ral potassium salt (c) An occasional individual exhibits marked 
to persons with normal excretory mechanisms fo! sensitivity to the hypotensive effects of 
mE. Eia Ur footitéSium is a x | nitrite and severe responses (nausea, 
Be iad FI. Pantie Intráve V potentially fatal hy | vomiting, weakness, restlessness, pallor, 
perkalemia can result (see Contraindications and Warr perspiration and collapse) can occur, 
ings). It is imi | ize that hyperkalemia even with the usual therapeutic doses. 
sce EO he se Nh tr un ripa Parl villes nl A i | Alcohol may enhance this effect. 
Gell aes fina. et^ | Dosage: Peritrate SA Sustained Action 
waves, loss of P-wave, depression of S-T segment j | (pentaerythritol tetranitrate) 80 mg (b.i.d. on 
prolongation of the T an empty stomach), | tablet immediately on 
Sarge Ena: s das | arising and } tablet 12 hours later. Tablets 
Dosage and Administration: Dosage must be adjusted | should not be chewed. 
IU epus VIANES APAE Aot va M daga LAM Supplied: Peritrate SA Sustained Action 
r Dak = p rad E MN, KA- wani (pentaerythritol tetranitrate) 80 mg, double 
ment of potassium der | layer, biconvex, dark green/light green tablets 
ne tablespoonful (15 mi) in six fluid ounce nore of | in bottles of 100 (N 0047-0004-51) and 1000 
deat MA IG. ^. | (N 0047-0004-60). Also in unit dose — package 
n water or oth uid provides 80 mEq of 10 x 10 strips (N 0047-0004-11). 
potassium chloride | Additional Dosage Forms: Peritrate 20 mg — 
so tanga eodera) Aaw Age Ab co Spens i ah iat | light green, scored tablets in bottles of 100 
ery SS | (N 0047-0001-51) and 1000 (N 0047-0001-60). 
| Also in unit dose — package of 10 x 10 strips 
WAR R E N -TE E D | (N 0047-0001-11). Peritrate 10 mg — light green, 


unscored tablets in bottles of 100 (N 0047- 
0007-51) and 1000 (N 0047-0007-60). 
Full information is available on request. 


PHARMACEUTICALS INCORPORATED 
SUBSIDIARY OF ROHM AND HAAS COMPANY 
COLUMBUS, OHIO 43215 
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For over 22 years, Peritrate" has been 

considered by many physicians as one 

of the top defensive measures for 

patients with angina pectoris. In many 
2x Bite patients Peritrate used prophylactically 

RAR helps decrease the frequency and sever- 
ity of angina attacks * With minimal 
side effects. 


Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 


LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 


Peritrate 5H 


Sustained Action 
(pentaerythritol tetranitrate) 80mg 


Warner/Chilcott 


Div. Warner-Lambert Company 
Morris Plains, N.J. 07950 
PE-GP-51 


The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20 feet thick, 
helped defend China from the attack of 
Mongol hordes for more than 2,000 years. 


*The drug has been evaluated as possibly 
etfective for this indication. 
See brief summary. 








When cho osing a 
diuretic for 
day-in-day-out 
hyp ertension control 
with comfortable 
compliance... 











The problem of maintaining antihypertensive control 
rises anew with each dawn. 


That is why the agent you choose in mild to moderate 
essential hypertension should offer (1) long-term 
effectiveness, (2) patient comfort and compliance. 


Zaroxolyn offers both. 


In one long-term study? Zaroxolyn brought moderately 
elevated (average 161/109 mm Hg) blood pressure 
down to the range of normotension—and held it there 
for a year or more. 


The investigator noted, "Patient cooperation was 
surprisingly good for a study of such duration 

[27^ years]. The once-daily dosage schedule with 
metolazone | Zaroxolyn] no doubt contributed to patient 
compliance" 


And overall patient compliance with Zaroxolyn is 
good— very good. An analysis of controlled clinical 
studies involving 188 Zaroxolyn patients showed that 
only eight discontinued therapy because of side effects. 
That's a discontinuation rate of only 4.3%. Broader 
clinical experience appears to substantiate this low rate 
of discontinuance? 


Zaroxolyn. For long-term control and comfortable 
compliance in mild to moderate essential hypertension. 





MAIOXOl | eonoc Pennwalt) 


2 Ve-mg, 5-mg and 10-mg tablets 


once-daily antihypertensive-diuretic 
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Eun. metolazone, Pennwalt) 


Effective,comfortable, 
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long acting antihypertensive 


res from a single daily dose. 





Prescribing Information 


INDICATIONS: ZAROXOLYN (Metolazone) is indicated 
for the treatment of edema accompanying congestive 
heart failure and renal disease, and to reduce blood 


- pressure in the management of mild to moderate 


essential hypertension. 


CONTRAINDICATIONS: Anuria, Hepatic coma or 
pre-coma; Allergy or hypersensitivity to ZAROXOLYN. 
- The routine use of diuretics in an otherwise healthy 
pregnant woman, with or without mild edema, is 
contraindicated and possibly hazardous. 


WARNINGS: While not reported to date, cross- 


. allergy theoretically may occur when ZAROXOLYN is 


given to patients known to be allergic to sulfonamide- 


- derived drugs, thiazides, or quinethazone. 


: i5. 


Hypokalemia may occur, with consequent weakness, 


- cramps, and cardiac dysrhythmias. It is a particular 


hazard in digitalized patients; dangerous or fatal 
arrhythmias may be precipitated. 
Azotemia and hyperuricemia may be noted or 


. precipitated during the administration of ZAROXOLYN. 


Infrequently. gouty attacks have been reported in persons 
with history ot gout. Discontinue ZAROXOLYN if azotemia 
and oliguria worsen during treatment of patients 

with severe renal disease. 

Presently. ZAROXOLYN is not recommended for 
pediatric patients. 

ZAROXOLYN will, on occasion, exhibit considerable 
potentiation when administered concurrently with 
furosemide Excessive, massive volume and electrolyte 

depletion may result. Exert care, especially during 
initial therapy, when using ZAROXOLYN with other 
antihypertensives. Dosage of other antihypertensive 


“agents, especially the ganglionic blockers, 


-should be reduced. 


Use of ZAROXOLYN with a potassium-sparing 
diuretic may potentiate diuresis; dosage should be 


reduced. Potassium retention and hyperkalemia may result; 


- serum potassium should be determined frequently. 


Potassium supplementation is contraindicated when a 
potassium-sparing diuretic is given. 

USAGE IN PREGNANCY (See Contraindications): 
Since ZAROXOLYN crosses the placenta, and appears 
in the cord blood, its administration to women of child 
bearing age requires that the potential benefits of the 


. drug be weighed against its possible hazards to the 


fetus. The potential effects on the fetus include fetal or 
neonatal jaundice, thrombocytopenia, and possibly 
other adverse reactions which have occurred in 

the adult. 


NURSING MOTHERS: ZAROXOLYN appears in 
breast milk. Thus it is possible that the effects of 
ZAROXOLYN may occur in the newborn. If the use of 
ZAROXOLYN is deemed essential for a n dt mother, 
the patient should stop nursing. 


PRECAUTIONS: Periodic assessment of serum 
electrolytes, blood urea nitrogen, uric acid, and 
glucose levels should be made at intervals 
during therapy. 

Patients receiving ZAROXOLYN therapy should be 
observed for clinical signs of fluid and/or electrolyte 
imbalance; namely, hyponatremia, nypochloremic 
alkalosis, and hypokalemia. Serum and urine electrolyte 
determinations are particularly important when 
the patient is vomiting excessively or receiving parenteral 
fluids. Medication such as digitalis may also influence 
serum electrolytes. Warning signs, irrespective of cause, 
are: dryness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains or cramps, 
muscular fatigue, hypotension, oliguria, tachycardia, and 
gastrointestinal disturbances such as nausea and 
vomiting. 

Serum potassium should be determined regularly, 
and potassium supplementation instituted as indicated. 
Hypokalemia will be more common in association with 
intensive or prolonged diuretic therapy, with concomi- 
tant steroid or ACTH therapy, and with inadequate 
electrolyte intake. 

While not reported to date for ZAROXOLYN, 
related diuretics have increased responsiveness to 
tubocurarine and decreased arterial responsiveness 
to norepinephrine. Accordingly, it may be advisable 
to discontinue ZAROXOLYN three days before 
elective surgery. 

Observe caution when administering ZAROXOLYN 
to hyperuricemic or gouty patients. ZAROXOLYN exerts 
minimal affects on glucose metabolism; insulin require- 
ments may be affected in diabeties, and hyperglycemia 
and glycosuria may occur in patients with 
latent diabetes. 

Chloride deficit and hypochloremic alkalosis 
may occur. In patients with severe edema accom- 
panying cardiac failure or renal disease, a low-salt 
syndrome may be produced; hot weather and a low- 
salt diet will contribute. 

Observe caution when administering ZAROXOLYN 
to patients with severely impaired renal function. 

As most of the drug is excreted by the renal route, 
cumulative effects may be seen in this circumstance. 

Orthostatic hypotension may occur, this may be 
potentiated by alcohol, barbiturates, narcotics, or 
concurrent therapy with other antihypertensive drugs. 

While not reported for ZAROXOLYN, use of other 
diuretics has been associated on rare occasions with 
pathological changes in the parathyroid glands, with 
hypercalcemia and hypophosphatemia. 

ADVERSE REACTIONS: Gastromtestinal reactions: 
Constipation, nausea, vomiting, anorexia, diarrhea, 
bloating, epigastric distress, intrahepatic cholestatic 
jaundice, hepatitis. Central nervous system reactions: 


syncope, dizziness, drowsiness, vertigo, headache. 
Cardiovascular reactions: orthostatic hypotension, 
excessive volume depletion, hemoconcentration, venous 
thrombosis, palpitation and chest pain. Hematologic: 
leukopenia, Dermatologic-hypersensitivity: urticaria and 
other skin rashes. Other reactions: dryness of mouth, 
hypokalemia, hyponatremia, hypochloremia, 
hypochloremic alkalosis, hyperuricemia, hyperglycemia, 
glycosuria, raised BUN or creatinine; fatigue, muscle 
cramps or spasm, weakness, restlessness, chills and 
acute gouty attacks. 

Adverse reactions which occur with other diuretics, 
but have not been reported to date for ZAROXOLYN 
include: pancreatitis, paresthesias, xanthopsia, 
agranulocytosis, thrombocytopenia, aplastic anemia, 
purpura, photosensitivity and necrotizing angiitis 
(cutaneous vasculitis). These reactions should be 
considered as possible occurrences with clinical 
usage of ZAROXOLYN. 

Whenever adverse reactions are moderate or severe, 
dosage should be reduced or therapy withdrawn. 


HOW SUPPLIED: Tablets, 22, 5 and 10 mg. 


References: 

1. Dornfeld L, Kane R: Metolazone in 
essential hypertension. The long- 
term clinical efficacy of a new 
diuretic. Curr Ther Res 18: 527-533, 
1975. 

2. Data on file, Medical Department, 
Pennwalt Prescription Products. 
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NOW. 2 WCIVS And supply the chloride 


most patients need with 


f mM K potassium supplementation. 
QO C) © Potassium— rich” orange juice actually contains only abouli 


4 meq per ounce. To reach effective maintenance levels, 


4 á 
your patients would have to drink 40 or more ounces of 
orange juice a day. 


But now, new orange-flavored Kay Ciel Elixir and Kay Ciel 
Powder mix tastily with your patient's morning juice; one 


regll tablespoon Kay Ciel Elixir or one Kay Ciel Powder packet 
supplying 20 meq of potassium and of chloride— about four 


times the K+ in a glass of orange juice alone. 


5 
Repeat in the evening for a full therapeutic regimen. Or, if 
you want your patient to avoid the extra calories, new 
orange-flavored Kay Ciel Elixir and Kay Ciel Powder taste 


great in 4 ounces of water. 


4 
K erg DY Improve patient compliance by prescribing the 


KCI they need...in a way they'll like. 


P 
7 


New Orange- 
untreated Addison's Disease, dehydration, heal Flavored Kay Ciel 


cramps and hyperkalemia 
WARNINGS: Do not use excessively Elixir 
PRECAUTIONS: 


PATIENTS SHOU D BE CAUTIONED TO ADHERE potassium chloride 10% 
TO DILUTION INSTRUCTIONS. 20 = en (Ae 
(20 meq/‘% ml) 


ADVERSE REACTIONS: Potassium intoxication 
indicated by listlessness, mental confusion, par- OO (^ 
esthesia of the extremities, weakness of the legs, Powder 


flaccid paralysis, fall in blood pressure, Cardiac * T " E a 
depression, arrhythmias, arrest and heartblock. Cooper Laboratories potassium chloride i yu 
, : m T mr ae pm 


Vomiting. nausea. abdominal discomfort and di- 
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The Edwards’ SWAN-GANZ" Flow-Directed Thermodilution Catheter combined 
with the new Edwards' Model 9510A Cardiac Output Computer provides a simple, 
"integrated system" for accurate measurement of cardiac function 

‘in the ICU/CCU environment. 


Catheters and cardiac output 
computers...both are equally important 
considerations when measuring cardiac 
output by the thermodilution technique. 

The Edwards' Model 9510A 
Cardiac Output Computer, which 
provides direct digital display of cardiac 
output in liters per minute, has been 
"systems designed" for direct connection 
to SWAN-GANZ Thermodilution 
Catheters. No adapters or special inter- 
faces are required. Multilumen catheter 
design allows assessment of right and left 
heart filling pressures, in addition to 
cardiac output. 


Theri 





Computer design has been 
refined to afford greater user con- 
venience. For example, the baseline 
setting function has been totally auto- 
mated; an indicator lights if a catheter 
malfunctions before or after insertion; 
and an audio tone signals when the 
computer is ready for the injection. 
Catheter excitation current has been 
reduced to 10u A. maximum. 

Furthermore, the portable, 
battery-operated Model 9510A provides 
the same major features of earlier 
versions, such as simplicity of operation; 
use with iced or room temperature 
injectate; automatic integration of the 


dilution curve; warning of impending 
battery depletion; and optically isolated 
recorder output. 

For further information about the 
Cardiac Output System, please write or 
phone Edwards Laboratories, 17221 
Red Hill Avenue, RO. Box 11150, 

Santa Ana, CA 92711, 714/557-8910, 
Cable: EDSLAB, Telex: 68:5567 


CJ EDWARDS 
C LABORATORIES 
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Division of American Hospital Supply Corporation 
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is the key to cardiac output. 
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Cardiologists: 


33% of Your Patients May Die 
From I hromboembolic Disease" 


Thromboembolic disease is increasing as 
a secondarily diagnosed condition. 


The following primary patient conditions 
exhibit an incidence rate for thrombo- 
embolic disease above the average. 
Therefore, these conditions should be 
considered “High Risk”. 


PATIENTS PER 1000 


WITH THROMBOEMBOLIC 
PRIMARY CONDITIONS DISEASE 
Rheumatic Fever and 
Rheumatic Heart Disease 17 
Hypertensive Heart Disease 7 
Ischemic Heart Disease 15 
Diseases of the Pericardium, 
Endocardium, and Myocardium 16 
Cardiovascular Diseases 6 
Arterial Diseases 10 
Pulmonary Embolism 
with Infarction 125 
Other Venous Emboli 
and Thrombi 87 
Lower Extremity Varicosities 30 
Other Lymphatic Diseases 8 
Other Circulatory Diseases 8 


These Patients Deserve 
Additional Protection Against 
Thromboembolic Disease... 


*"Basic data for use in this study were supplied by the Commission on 
Professional and Hospital Activities (CPHA), Ann Arbor, Michigan. In 
these data the identities of individual hospitals were not revealed in any 
way. Although statistical testing was done at CPHA, any analysis, 
interpretation, or conclusions based on the data is solely that of the 
Kendall Corporation and CPHA specifically disclaims responsibility for 
any such analysis, interpretation, or conclusion.” 


Anti-Embolism Stockings 


The Clinically Proven Stocking That Reduces 
the Incidence of Thromboembolic Disease 





Venous stasis...a dangerous precursor to pulm 
nary embolism. Diagnosis? Inconsistent. Probabil- 
ity for incidence following surgery? Significant. 
T.E.D. Anti-Embolism Stockings substantially 
reduce venous stasis. That's a clinically proven fact. 
E Twenty-five years of continuous research positively 
E. substantiate that claim. 
3 T.E.D. Anti-Embolism Stockings are like no 
. other anti-embolism stockings. Exclusive con- 
 Struction provides the proper gradients of pres- 
_ sure...consistently, precisely. A patented relaxed 
Eee reduces pressure at the popliteal space, a 
» Patented gusset prevents constriction. No harsh 
ridges or seams. Des toe opening for inspec- 




















admissions. Simple to apply, easy to maintain. 

Your Kendall salesman is professionally trained 
to help you implement a total prophylactic pro- 
gram in your hospital. Inservice guides, programs, 
tape measures, and fitting charts eliminate the pos- 
sibility of incorrect fit, improper use. 

T.E.D—Low cost medical insurance against 
thromboembolic disease for the doctor, nurse and 
hospital. 


KENDAL 


INNOVATORS IN PATIENT CARE 


© 1976, The Kendall Company, One Federal Street, Boston, Ma., 02110 
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*—. The place of INDERAL (propranolol INDERAL protects the heart from undesirable 





hydrochloride) among the standard drugs for the catecholamine stimulation through its beta blocking 
- treatment of disturbed cardiac rhythm has been action. Propranolol occupies the beta-receptor : 

- frequently reaffirmed throughout eight years of sites, making them unavailable to the beta- 

_ Clinical use. In fact, after withdrawal of digitalis, adrenergic stimulating effects of catecholamines. 

— "...Itmay be the treatment of choice for INDERAL is the first beta-adrenergic blocking agent 
_ digitalis-induced arrhythmias, provided in clinical cardiologic use. 


-.. hypokalemia is not present." 'It has been widely 
- used in selected supraventricular arrhythmias 

| bia E did d resistant to digitalis and in 
tact yarr yt mias precipitated by exercise, | “In paroxysmal atrial tachycardia, the drug 
- emotional stress, or undesirable sympathetic [2d [OXYS Ma OWE ETO MIETO TAE BOAR 
- stimulation;-and it is also effective in controlling - 


- supraventricular tachyarrhythmias related to the atria tachycardia Sal ee A Eje r 


atrial tachycardia induced by ex 
ercise..has uniformly beer 






- Wolff-Parkinson-White syndrome. * ELE LIEHITIEHRHHBEHRHBHHHHEHHH: D 
Perron j TA prevented by propranolol,” anc 
i i H results with INDERAL in the 
= Wolff-Parkinson-White syn 
$ X drome '...have been favorable 
od T inall butafew patients reportec 
E d This condition appears to be 
C £ one of the more definite indi 


cations for propranolol.” 4 


of the patient and, in fact, may be 
causing symptoms of itself. If the 
clinical situation does not sug- 
gest a needed compensatory 
sinus tachycardia and the heart 
rate is indeed inappropriate, 
treatment with propranolol has 
been successful.” 4 


a persistent sinus tachycardia Saser transi 
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tachycardias 
and arrhythmias 
due to thyrotoxicosis 


Although propranolol may accomplish only the 
reduction of the heart rate in hyperthyroidism, it has 
proved useful for this purpose. 'Sinus tachycardia 

in hyperthyroidism which causes symptoms 

may be relieved by the administration of 

propranolol before definitive therapy... The 

author has observed that atrial fibrillation 
complicating hyperthyroidism was easily terminated 
using modest doses of propranolol.’ 4 
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In cases of atrial premature beats frequent 
enough that they could herald the onset 
of atrial fibrillation, it has been 
recommended that propranolol be used 
after other measures have 
failed to control the beats.5 


antiarrhythmia agents 
for supraventricular arrhythmias 





"In the presence of atrial flutter, ventricular rate 
is often difficult to control, and, as with an atrial 

fibrillation, propranolol hydrochloride 
should be added when the flutter 
is not controlled by digitalis, 
especially inthe presence of mitral 
valve disease. 6 
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“One salutary effect of propranolol is slowing of 
the ventricular rate in atrial flutter and fibrilla- 

tion." ^In a review of the literature, it 
was noted that most patients with 


atrial fibrillation 


THE S H [| 
uH i | meus 4 talis alone experienced slowing 
L Hp ij Jj ofthe ventricular rate after admin- 
i istration of propranolol and a few 
reverted to sinus rhythm. 7 
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and for tachyarrhythmias 
of digitalis intoxication 





wer 


“Propranolol is very effective in treating 

arrhythmias caused by digitalis excess. Its use 

in this setting may be limited by the presence of 

significant congestive heart failure or heart 

block, both of which can be potentiated by 

propranolol. However, if given in small doses 

with carefu! monitoring, it is often of great 

k value in the treatment of digitalis toxicity.” 5 
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Inderal 


propranolol) hydroc 





helps prevent or control 
catecholamine -induced 
cardiac arrhythmias 


BETA-BLOCKADE/INDERAL* 


(propranolol hydrochloride) 
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Tablets 10mg., 40mg, 80mg. 


AYERST LABORATORIES 


New York. N.Y. 10017 


(See last page of advertisement for prescribing information.) 
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-adrenergic blocking agent 


GE 


FORE E USING INDERAL [PROPRANOLOL HYOROCHLORIDE, THE 
d SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC 
"T OF ADRENERGIC RECEPTORS (ALPHA AND BETA, AND THE 

| ACOLOGY OF THIS ORUG. 
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ene ergic receptor icti drug, possessing no other 
mic Nerve ter activity h specifically competes with beta-adrenergic 
tor stim Y. m. age jns fo available beta receptor sites. When access to 
e MEX blocked by INDERAL, the chronotropic. inotropic, and 

n w Ae a stimulation are decreased propor- 





s reater ie. ited for beta blockade, INDERAL also exerts a 
eie or anesthetic- like membrane action which affects the cardiac ac- 

T ee ‘and depresses cardiac function. 
'roprano is almost Completely absorbed from the gastrointestinal tract, but 
nisi bound by the livet Peak effect occurs in one to one and 
half hours. The biologic half-life is approximately two to three hours. There 
nple correlation between dose or plasma level and therapeutic effect, 
 dose-sensitivity range as observed in clinical practice is wide. The prin- 
| reaso for this is that ‘sympathetic tone varies widely between individuals. 
there is no reliable test to estimate sympathetic tone or to determine 
‘otal beta blockade has been achieved, proper dosage requires titration. 
_feceptor blockade is useful in conditions in which, because of 
se ‘or functional changes, sympathetic activity is excessive or inap- 
rate and. detrimental 1o the patient. But there are also situations in which 
e stimulation is vital. For example, in patiems with severely damaged 
s, adequate ventricular function is maintained by virue of sympathetic 
ee should be preserved. In the presence of AV block, beta blockade 
(^om necessary facilitating effect of sympathetic activity on conduc- 
“blockade results in bronchial constriction by interfering with 
t. bronchodilator activity which should be preserved in patients subject 

















Ironchospasm. 
[he proper objective " beta blockade therapy is to decrease adverse sym- 
ietie ion but not to the degree that may impair necessary sym- 
etic support or vital functional balances. 

l ‘exerts its antiarrhythmic effects in concentrations associated 
1 be “adrenergic blockade and this appears to be its principal antiarrhythmic 
sm of action. The membrane effect also plays a role, particularly. some 
believe, i in. digitalis-induced arrhythmias. Beta-adrenergic blockade 
ique importance in the management of arrhythmias due to increased 
circulating catecholamines or enhanced sensitivity of the heart to 







met (arrhythmias associated with pheochromocytoma, thyrotoxicosis, 
teisi i ^ 





f | may reduce the oxygen requirement of the heart at any given 
il of effort by blocking catecholamine-induced increases in heart rate, 
iolic blood pressure, and the velocity and extent of myocardial contraction. 
we other hand, propranolol may increase orygen requirements by increasing 

ar fiber length, end diastolic pressure, and systolic ejection period. 
If the net physiologic effect of beta-adrenergic blockade in angina is advan- 
Pen it would be expected to manifest itself during exercise by delayed 

‘of pain due to decreased oxygen requirement. 


SATIONS — 
diac purira Da E 
Supraventricular arrhythmias 
a Paroxysmal atrial tachycardias, particularly those arrhythmias induced 
Ey catecholamines or digitalis or associated with the Wolff-Parkinson- 
_ White syndrome. (See W-P-W under WARNINGS.) 
M Persistent sinus tachycardia which is noncompensatory and impairs the 
- well-being of the patient. 
5 “Tachycardias and arrhythmias due to thyrotoxicosis when causing dis- 
D tress or increased hazard and when immediate effect is necessary as 
- adjunctive, short term (2-4 weeks) therapy. 
d - May be used with, but not in place of, specific therapy. (See Thyrotox- 
icosis under WARNINGS.) 
a - Persistent atrial -extrasystoles which impair the well-being of the pa- 
Went and do not respond to conventional measures. 
“ah Arial flutter and fibrillation when ventricular rate cannot be controlled 
- by digitalis alone. or when digitalis is contraindicated. 
ici tachycardias 
Ventricular arrhythmias do not so to propranolol as bin as do 
“the: supraventricular é 
~al. Ventricular tachycardi 
With the exception those induced by catecholamines or digitalis, 
INDERAL is not the drug of first choice. In critical situations when car- 
- diversion technics or other drugs are not indicated or are not effective, 
Pv ay be considered. If, after consideration of the risks in- 
DERAL is used, ‘it should be given intravenously in low dosage 
ae . and very slowly. (See DOSAGE AND ADMINISTRATION. | Care in the — 
-administration y INDERAL with constant cw: ina aad monitor- 


aL => —À 


conventional measures and impair the well-being of the patient. 
-. 3) Tachyarthythmias of digitalis intoxication 
If digitalis-induced tachyarthythmias persist following discontinuance of 
digitalis and correction of electrolyte abnormalities, they are usually rever- 
sible with ora/ INDERAL. Severe bradycardia may occur. (See OVER- 
DOSAGE OR EXAGGERATED RESPONSE.) 
Intravenous propranolol hydrochloride is reserved for life-threatening ar- 
rhythmias. Temporary maintenance with oral therapy may be indicated. 
(See DOSAGE AND ADMINISTRATION.) 
Resistant tachyarrhythmias due to excessive catecholamine action 
during anesthesia 
Tachyarrhythmias due to excessive catecholamine action during anesthesia 
may sometimes arise because of release of endogenous catecholamines or 
administration of catecholamines. When usual measures fail in such ar- 


4. 


rhythmias, INDERAL may be given intravenously to abolish them. All general ` 


inhalation anesthetics produce some degree of myocardial depression. 
Therefore, when INDERAL is used to treat arrhythmias during anesthesia, it 
should be used with extreme caution and constant ECG and central venous 
pressure monitoring. (See WARNINGS.) 
Hypertrophic Subaortic Stenosis 
INDERAL is useful in the management of hypertrophic subaortic stenosis, 
especially for treatment of exertional or other stress-induced angina, palpita- 
tions, and syncope. INDERAL also improves exercise performance. The effective- 
ness of INDERAL in this disease appears to be due to a reduction of the elevated 
outflow pressure gradient which is exacerbated by beta receptor stimulation. 
Clinical improvement may be temporary. 
Pheochromocytoma 
After primary treatment with an alpha-adrenergic blocking agent has been in- 
stituted, INDERAL may be useful as adjunctive therapy if the control of tachycar- 
dia becomes necessary before or during surgery 

It is hazardous to use INDERAL unless alpha-adrenergic blocking drugs are al- 
ready in use, since this would predispose to serious blood pressure elevation. 
Blocking only the peripheral dilator (beta) action of epinephrine leaves its con- 
strictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is a disadvantage in having both 
beta and alpha blockade since the combination prevents the increase in heart 
rate and peripheral vasoconstriction needed to maintain: blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may be useful as 
an adjunct to the management of symptoms due to excessive beta receptor 
stimulation. 

CONTRAINDICATIONS: INDERAL is contraindicated in: 1) bronchial asthma; 
2) allergic rhinitis during the pollen season; 3) sinus bradycardia and greater 
than first degree block; 4) cardiogenic shock; 5) right ventricular failure sec- 
ondary to pulmonary hypertension; 6) congestive heart failure (see WARNINGS) 
unless the failure is secondary to a tachyarrhythmia treatable with INDERAL; 7) 
in patients on adrenergic-augmenting psychotropic drugs (including MAO inhibi- 
tors), and during the two week withdrawal period from such drugs. 
WARNINGS: CARDIAC FAILURE: Sympathetic stimulation is a vital component 
supporting circulatory function in congestive heart failure, and inhibition with 
beta-blockade always carries the potential hazard of further depressing myocar- 
dial contractility and precipitating cardiac failure. INDERAL acts selectively with- 
out abolishing the inotropic action of digitalis on the heart muscle (e. that of 
supporting the strength of myocardial contractions). However, the inotropic ac- 
tion of digitalis may be reduced by INDERAL'S opposite inotropic effect. The 
effects of INDERAL and digitalis are additive in depressingAV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of 
the myocardium over a period of time can, in some cases, lead to cardiac 
failure. In rare instances, this has been observed dumng INDERAL therapy. 
Therefore, at the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized, and the response observed closely: lal if cardiac 
failure continues, INDERAL therapy must be immediately withdrawn: Ib) if 
tachyarrhythmia is being controlled, patients should be maintained on combined 
dosage and the patient closely followed until threat of cardiac failure is over 

IN PATIENTS WITH CORONARY ARTERY DISEASE AND/OR ANGINA PECTORIS. when 
discontinuance of chronically administered INDERAL is planned, the dosage 
should be gradually reduced over a period of several weeks and the patient 
should continue to be carefully monitored. There have been reports of exacerba- 
tion of angina and myocardial infarction occurring following abrupt discontinua- 
tion of INDERAL therapy. 

IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long 
term use have not been. adequately appraised. Special consideration should be 
given to propranolol's potential for aggravating congestive heart failure. 
Propranolol may mask the clinical signs of continuing hyperthyroidism or com- 
plications and give a false impression of improvement. Propranolol does not dis- 
tort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have 
been reported in which, after propranolol, the tachycardia was replaced by a 
severe bradycardia requiring a demand pacemaker In one case this resulted 
after an initial dose of 5 mg. propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine re- 
lease for maintenance of adequate cardiac function, beta blockade will impair 
the desired inotropic effect. Therefore, INDERAL should be titrated carefully 
when administered for arrhythmias occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY. beta-blockade impairs the ability 
of the heart to respond to reflex stimuli. For this reason, with the exception of 
pheochromocytoma, INDERAL should be withdrawn 48 hours prior to surgery, at 
which time all chemical and physiologic effects are gone-according to available 
evidence. However, in case of emergency surgery. since INDERAL is a competi- 
tive inhibitor of beta receptor agonists, its effects can be reversed by adminis- 
tration of such agents, e.g. isoproterenol or levarterenol. However, such patients 


BRONCHITIS. EMPHYSEMA). INDERAL should be administered with caution since e 


catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Ft ol its beta- - 
adrenergic blocking activity, INDERAL may prevent the appearance of premonito- 
ry signs and symptoms (pulse rate and pressure changes of acute hy- 
poglycemia. Especially important with labile diabetics. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not - 
been established. Use of any drug in pregnancy or women of childbearing po- 


^ 
^ $ 


may block bronchodilation produced by endogenous and exogenous 


tential requires that the possible risk to mother and/or fetus be weighed against Ast 


the expected therapeutic benefit. 

PRECAUTIONS: Patients receiving catecholamine depleting drugs such as 
reserpine should be closely observed if INDERAL is administered. The added 
catecholamine blocking action of this drug may then produce an excessive 
reduction of the resting sympathetic nervous activity. Occasionally, the phar- 
macologic activity of INDERAL may produce hypotension and/or marked bra- 
dycardia resulting in vertigo, syncopal attacks, or orthostatic hypotension. - 

As with any new drug given over prolonged periods, laboratory parameters. - 


should be observed at regular intervals. The drug should be used with caution in — 


patients with impaired renal or hepatic function. 

ADVERSE REACTIONS: Cardiovascular: bradycardia; congestive heart | 
failure; intensification of AV block; hypotension; paresthesia of hands; arterial 
insufficiency, usually of the Raynaud type: thrombocytopenic purpura. 

Central Nervous System: \ightheadedness; mental depression manifested by 
insomnia, lassitude, weakness, fatigue; reversible mental depression progress- 
ing to catatonia; visual disturbances; hallucinations; an acute reversible syn- - 
drome characterized by disorientation for time and place, short term memory: 
loss, emotional lability, slightly clouded sensorium, and decreased performance 
on neuropsychometrics 


Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping. 


diarrea, constipation 
Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined 
with aching and sore throat, laryngospasm and respiratory distress 
Respiratory: bronchospasm 


^w 


Hematologic: agranulocytosis, nonthrombocytopenic - purpura, throm- 


bocytopenic purpura 

Miscellaneous: reversible alopecia 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients wih 
severe hean disease, elevated serum transaminase, alkaline es UE. lac- 
tate dehydrogenase 
DOSAGE AND ADMINISTRATION: The oral route of administration is 
preferred. 
ORAL 

ARRHYTHMIAS — 10-30 mg. three or four times daily, before meals and at 
bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS — 20-40 mg. three or four times — 
daily, before meals and at bedtime. 

PHEOCHROMOCYTOMA — Preaperatively— B0 mg. daily in divided ERA 


agent. 
— Management of inoperable tumor— 30 mg. daily in divided doses. 
PEDIATRIC DOSAGE 


At this time the data on the use of the drug in this age group are too limited — 


to permit adequate directions for use. 
INTRAVENOUS 

Intravenous administration is reserved for life-threatening arrhythmias or 
those occurring under anesthesia. The usual dose is from 1 to 3 mg. adminis- 


^ 
` 


for three days prior to surgery, concomitantly with an alpha-adrenergic- blocking 


K 


tered under careful monitoring, e.g. electrocardiographic, central venous ~ 


pressure. The rate of administration should not exceed | mg. (1 cc.) per minute 
to diminish the possibility of lowering blood pressure and causing cardiac 


standstill. Sufficient time should be allowed for the drug to reach the site of ac- —— 


tion even when a slow circulation is present. If necessary, a second dose may — 


be given after two minutes. Thereafter, additiona! drug should not be given in 
less than four hours. Additional INDERAL should not be given when the desired 
alteration in rate and/or rhythm is achieved. 
Transference to oral therapy should be made as soon as possible. 
OVERDOSAGE OR EXAGGERATED RESPONSE 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE 
FOLLOWING MEASURES SHOULD BE EMPLOYED. BRADYCARDIA — AD- 
MINISTER ATROPINE (0.25 to 1.0 mgJ: IF THERE IS NO RESPONSE TO 
VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 
CARDIAC FAILURE— DIGITALIZATION AND DIURETICS 
HYPOTENSION — VASOPRESSORS, e.g. LEVARTERENOL OR EPINEPHRINE 
(THERE IS EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE) 
BRONCHOSPASM—ADMINISTER ISOPROTERENOL AND 
AMINOPHYLLINE 
HOW SUPPLIED: INDERAL (propranolol hydrochloride) TABLETS 
No. 461—Each tablet contains 10 mg. of propranolol hydrochloride, in bottles 
of 100 and 1,000. Also in unit dose package of 100. 


No. 464 — Each tablet contains 40 mg. of propranolol hydrochloride, in bottles - 


of 100 and 1,000. Also in unit dose package of 100. 


No. 468 — Each tablet contains 80 mg. of propranolol hydrochloride, in bottles l 


of 100 and 1,000. Also in unit dose package of 100. 
INJECTABLE 
No. 3265 — Each cc. contains 1 mg. of propranolol hydrochloride in Water for 


vicia: valo MN AUR Supplied as: | cc. me. 


boxes of 10. 
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The course of 146 consecutive patients with significant occlusive dis- 
ease of the left main coronary artery who underwent coronary artery 
bypass surgery during a 4 year period is reviewed. Preoperatively, 11 
patients were in New York Heart Association functional class Il, 57 in 
class Ill and 78 in class IV. Seventy patients had progressive angina 
and 12 unstable angina. There were two operative deaths (surgical 
mortality rate 1.4 percent). Seven patients (4.8 percent) had a periop- 
erative acute myocardial infarction. Complete follow-up has been 
achieved in the surgical survivors over an average period of 18.1 
months; 77 percent of the surviving patients are completely asymp- 
tomatic and 19 percent are in functional class Il. Four patients (2.8 
percent) had a nonfatal late postoperative myocardial infarction and 
five (3.5 percent) died during the late postoperative period (3.3 per- 
cent annual mortality rate during a 2 to 47 month follow-up period). 

Postoperative cardiac catheterization studies performed in 35 pa- 
tients an average of 12.1 months postoperatively revealed 78 percent 
of 80 grafts and patency of at least 1 graft in 93 percent of patients. 
Results of 42 (89 percent) of 47 near maximal treadmill stress tests 
were abnormal preoperatively compared with results of 14 (26 per- 
cent) of 54 postoperatively; in 74 percent of patients having both a 
preoperative and postoperative stress test, abnormal preoperative test 
results converted to normal after surgery. This study suggests that di- 
rect myocardial revascularization may offer an effective means of im- 
proving both the quality and duration of life in a patient with significant 
occlusive disease of the left main coronary artery. 


To advise a patient about the indications and benefits of coronary ar- 
tery bypass surgery, one should understand the natural history of 
ischemic heart disease from that patient’s standpoint and be able to 
evaluate the possible influence of surgical intervention on the natural 
history.'-9 Many excellent studies have indicated that coronary arte- 
riography may provide the most precise definition of the natural his- 
tory of patients with ischemic heart disease and that occlusive lesions 
involving the left main coronary artery are associated with the most 
adverse prognosis.9-!^ This report describes in detail the course of 
146 consecutive patients with significant occlusive disease of the left 
main coronary artery (greater than 50 percent occlusion) who under- 
went coronary artery bypass surgery during the 4 year period ending 
December 31, 1974. 


Methods 


The coronary arteriograms of all patients undergoing cardiac catheteriza- 
tion from January 1971 to January 1975 and reported to have any narrowing 
of the left main coronary artery were reviewed independently by at least two 
of us without knowledge of the patient's clinical status. Only patients with 
greater than 50 percent luminal narrowing of the left main coronary artery 
were included in the study. Patients with stenosis involving the origins of 
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both the left anterior descending and left circumflex coro- 
nary arteries were not included unless the stenosis signifi- 
cantly compromised the left main coronary artery. The 
clinical records, catheterization data, operative procedure, 
postoperative course and follow-up of each patient were 
then reviewed in detail. 

— The severity of the angina noted immediately before op- 
eration was classified on a symptomatic basis as defined by 
the New York Heart Association. The quality of the preop- 
erative angina (that is, stable, progressive or unstable 
[preinfarctional]) was also assessed. Patients were consid- 
ered to have unstable angina if they were experiencing epi- 
sodes of angina lasting more than 15 minutes with tran- 
sient or incomplete relief with nitroglycerin, normal or 
nondiagnostic serial serum enzyme levels and no electro- 
cardiographic evidence of a new transmural myocardial in- 
farction. They were considered to have progressive angina 
if its evolutionary pattern had changed, increasing in inten- 
sity, duration and frequency but without fulfilling the re- 
quirements for unstable angina. 

— Each coronary arteriogram and left ventriculogram was 
interpreted independently by at least two of us and, in each 
instance, the major coronary arteries and their branches 
were evaluated and the most severe luminal narrowing in 
each vessel was measured. Lesions compromising the lumi- 
nal diameter by more than 50 percent were considered “sig- 
nificant." The right anterior oblique projection of each left 
ventriculogram was qualitatively evaluated for localized 
and generalized disorders of myocardial contraction by 
analysis of the internal contour of the left ventricular 
chamber in end-systole and end-diastole. 

. Near maximal treadmill exercise electrocardiographic 
stress tests were performed using a modified Balke proto- 
col with the patient exercising to a point of intolerable 


symptoms or to a heart rate in excess of 85 percent of the ` 


maximal heart rate for his age. Patients taking digitalis or 
having electrocardiographic evidence of left bundle branch 
block were excluded. A treadmill test was considered ab- 
normal if there was a 1.0 mm or greater “horizontal” S-T 
segment depression in one of the three monitored leads 
during or after exercise. 

Follow-up of all patients was completed through De- 
cember 1974. The patients were evaluated personally by 
one of us or information regarding their current status was 
obtained from the referring physician. The survival curve 
was constructed by actuarial method.!6 


Clinical Material 


— There were 176 patients with significant occlusive dis- 
ease of the left main coronary artery who underwent coro- 
nary arteriography during the 4 year study period. Three 
patients experienced complications attributable to the car- 
diac catheterization procedure. One was successfully resus- 


TABLE | 
Angina Status: Number of Patients With Left Main Coronary 
Artery Disease Undergoing Coronary Bypass Surgery 


Severity(New York 
Heart Association 





Functional Class) Quality 
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citated from cardiac arrest, and another had ventricular 
tachycardia that was controlled medically. Both complica- 
tions were without sequelae, and both patients subsequent- 
ly underwent successful revascularization surgery. The 
third patient had an acute myocardial infarction after the 
catheterization. No deaths were related to the catheteriza- 
tion procedure. 


Nonsurgically Treated Patients 


Thirty of the 176 patients with left main coronary artery 
disease undergoing cardiac catheterization did not undergo 
surgery. In 13, the distal involvement of the coronary occlu- 
sive disease precluded adequate bypass surgery; severe left 
ventricular dysfunction dictated a medical approach in 8 
others. Nine patients whose coronary anatomy was consid- 
ered operable did not undergo surgery; five of the nine died 
within 1 to 4 months after catheterization. 


Surgically Treated Patients 


One hundred forty-six patients with left main coronary 
occlusive disease underwent coronary artery bypass sur- 
gery. There were 126 men and 21 women ranging in age 
from 35 to 75 years (average 56.5 years); 7 patients were 
older than 70 years. 

Sixty patients (41 percent) had had previous transmural 
myocardial infarctions, as evidenced by the presence of 
“diagnostic” Q waves in the electrocardiogram. Nineteen 
additional patients (13 percent) had a history of congestive 
heart failure. Results of preoperative near maximal tread- 
mill exercise stress tests were abnormal in 42 of 47 patients 
(89 percent). None of the five patients with normal preop- 
erative stress test results had more than 75 percent luminal 
narrowing of the left main coronary artery. 

Angina: Angina was the dominant symptom in the im- 
mediate preoperative period of all but two surgically treat- 
ed patients. The preoperative angina class (New York 
Heart Association criteria) was II in 11 patients (8 per- 
cent), III in 57 (39 percent) and IV in 76 (52 percent) 
(Table I). The angina was considered stable in 62 patients 
(42 percent), progressive in 70 (48 percent) and unstable or 
preinfarctional in 12 (8 percent). 


Left ventricular function: Left ventricular function . 


was judged angiographically to be moderately abnormal or 
severely abnormal in 40 percent of patients, and the resting 
left ventricular end-diastolic pressure exceeded 12 mm Hg 
preoperatively in 51 percent (‘Table II). 

Coronary arteriographic findings: None of the 146 
patients had complete occlusion of the left main coronary 
artery (Table III). In 106 patients, occlusion of this artery 
exceeded 70 percent of the luminal diameter, and in 30 it 
exceeded 90 percent of the luminal diameter. It was the 
only vessel involved in six patients. In 20 additional pa- 
tients, there was also significant occlusive disease of one of 
the other three major coronary arteries (left anterior de- 
scending, left circumflex, right coronary arteries); 45 pa- 
tients had significant occlusion of two of these major coro- 
nary arteries, and 75 had significant occlusion of all three. 


Operative Techniques 


All operative procedures were performed using hemodi- 
lution prime and mild hypothermia (30? C). Ventricular fi- 
brillation was routinely induced before exposure of the cor- 
onary arteries. After the artery was opened, ischemic arrest 
was used during performance of the distal anastomosis. 
The aorta was temporarily declamped after each distal 
anastomosis when multiple bypasses were performed. 
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TABLE I 


Léft Ventricular Function: Percent of Patients With Left Main Coronary Artery Disease Undergoing Coronary Bypass Surgery 
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Left Ventricular Angiogram 
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TABLE Ill 
Coronary Arteriographic Data 
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Associated Major Coronary Arteries 
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TABLE IV TABLE V 
Number of Coronary Bypasses Related to Distribution of Early Postoperative Complications in 146 With Left Main 
Coronary Obstructive (Greater Than 50 Percent) Lesions Coronary Artery Bypass 
Coronary Bypasses Performed (no.) Patente 
Obstructed Arteries 1 2 a 4 Complication HE no 
Two vessel disease . 
LMCA only 5 1 Low cardiac output syndrome 6 4.1 
LMCA & LAD US 7 Acute renal failure 1 0.7. 
LMCA & LCf 2 2 v? has Bleeding, upper gastrointestinal 2 1.4 
LMCA, LAD & LCf 1 14 1 NS Ventricular fibrillation 1 0.7 
Three vessel disease Pulmonary embolism 3 2.0 
LMCA & RCA 2 4 3 P". Cerebral vascular accident 1 0.7 
LMCA, RCA & LAD 4 8 11 ate Acute myocardial infarction 7 4.8 
LMCA, RCA & LCf 2 4 a Death 2 14. 
LMCA, RCA, LAD & 2 36 31 6 ox 
LCr 
Totals 16 74 50 6 





LAD = left anterior descending coronary artery; LMCA = left 3 
main coronary artery; LC¢ = left circumflex coronary artery; RCA = seven patients (incidence rate 4.8 percent). Only two 
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[its conary artery: of these seven patients were “incompletely revascu- 
larized,” that is, had at least one major coronary ar- 
tery with a significant occlusion that was not suitable 


Results for bypass. Two patients died within the first 30 days 

A single bypass was used in 16 patients (11 per- postoperatively (operative mortality 1.4 percent). 
cent) and without exception it was to the left anterior One was a 71 year old man with progressive class IV 
descending coronary artery (Table IV). Two bypasses angina who had undergone a right pneumonectomy 
were used in 74 patients (51 percent), three in 50 pa- for bronchogenic carcinoma; he could not be removed 
tients (34 percent) and four in 6 patients (4 percent). from cardiopulmonary support because of low cardi- 
A left internal mammary artery-left anterior de- ac output. The other was a 69 year old woman who 
scending artery anastomosis was utilized in 18 in- was doing well several hours postoperatively when 
stances; the cephalic vein was used for a right coro- bradycardia suddenly developed and progressed rap- 
nary bypass in one case and saphenous vein grafts idly to asystole. External cardiac massage was unsuc- 
were used for all other bypass grafts. Associated right cessful and open cardiac resuscitation was required. 
coronary endarterectomy was performed in five in- This was initially successful but the patient had ir- 
stances. A total of 338 coronary artery bypasses were reparable neurologic damage and died on the 3rd 
performed (2.3 grafts per patient). Four patients un- postoperative day. Another patient had ventricular 
derwent another procedure in conjunction with coro- fibrillation shortly after transfer from the operating 
nary bypass, including left ventricular aneurysmec- room but responded to prompt defibrillation without 
tomy in two patients, mitral valve replacement in sequelae. Postoperative complications resulted in 
one, and mitral commissurotomy in one. seven transmural myocardial infarctions, two deaths- 

Significant postoperative complications (Table and one instance of persistent hemiparesis. 

V): Perioperative acute myocardial infarction with Follow-up results: One hundred forty RS 


the appearance of pathologic Q waves occurred in survivors were followed up 2 to 47 months (average 
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TABLE VI 
Postoperative Status* 


Patients 
Status (96) 


Asymptomatic 77 
Angina pectorist 
class || 1 
class III 
class IV 
Acute myocardial infarction 
Perioperative 
Late 
Death 
Early 
Late 
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* Follow-up 2 to 47 months, average 18.1 months. 
T New York Heart Association functional class. 


18.1 months) (Table VI). Ninety-nine patients have 
been followed up for 1 or more years, 53 for 2 or more 
years, and 19 for 3 or more years. Seventy-seven per- 
cent of the surviving patients are now free of angina 
and 19 percent have class II symptoms. Four patients 
(2.8 percent of the surgically treated patients) had a 
nonfatal myocardial infarction at 3, 4, 7 and 13 
months, respectively, after operation. Five patients 
(3.5 percent) died during the late postoperative peri- 
od at 4, 5, 6, 19 and 24 months, respectively, after op- 
eration. All patients with a late postoperative infarc- 
‘tion or death had been “incompletely revascular- 
ized.” 
Treadmill exercise stress tests were performed in 
_ 54 patients postoperatively; results in 26 percent (14 
‘of 54) were abnormal postoperatively compared with 
89 percent preoperatively. Furthermore, in 74 per- 
cent of patients having both a preoperative and post- 
operative exercise stress test, an abnormal preopera- 
tive treadmill test result converted to normal postop- 
 eratively; in no instance did the reverse occur. Twelve 
(86 percent) of the 14 patients with an abnormal 
postoperative stress test were “incompletely revascu- 
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larized.” In contrast, only 12 (30 percent) of 40 pa- 
tients with a normal postoperative stress test were 
“incompletely revascularized.” 

Postoperative cardiac catheterization with bypass 
graft visualization was accomplished in 35 patients 
an average of 12.1 months postoperatively. Sixty-two 
(78 percent) of the 80 grafts in these patients were 
patent, and 93 percent of the patients had at least 1 
patent graft. Seventeen patients undergoing postop- 
erative catheterization were judged to be “completely 
revascularized" with all significant disease bypassed 
and all bypass grafts patent. Sixteen (94 percent) of 
these 17 patients had symptomatic improvement, 
and treadmill stress test results were normal postop- 
eratively in each of the 10 “completely revascular- 
ized” patients so tested. No patient with all grafts oc- 
cluded had symptomatic improvement or a normal 
postoperative stress test result. 


Discussion 


The efficacy of any therapeutic intervention in 
ischemic heart disease must be judged on how well it 
ameliorates the patient's angina, improves left ven- 
tricular function, reduces the risk of subsequent 
myocardial infarction and prolongs life expectancy. 
As has been reported, coronary artery bypass surgery 
does improve the symptomatic status in a significant 
proportion of patients. In this study, 88 percent of 
our patients had symptomatic improvement postop- 
eratively, and 77 percent of the surgical survivors 
were completely asymptomatic at their last follow-up 
examination. 

A sufficient percentage of patients have not under- 
gone recatheterization after left main coronary artery 
bypass surgery to permit assessment of the frequency 
of improvement of left ventricular function, but ab- 
normal preoperative treadmill stress test results con- 
verted to normal in 74 percent of our patients so test- 
ed postoperatively. Furthermore, we cannot establish 
that bypass surgery has decreased the risk of myocar- 


FIGURE 1. Actuarial survival curves comparing medi- 
cal with surgical management of patients with left 
main coronary occlusive disease. 
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dial infarction in this patient population because suf- 
ficient data are not available in patients treated med- 
ically. However, during the follow-up period (2 to 47 
months, average 18 months), there was a 7.6 percent 
incidence rate of transmural myocardial infarction; 
4.8 percent occurred at operation and 2.8 percent 
during the late follow-period. 

Effect of surgery on life expectancy: The surgi- 
cal mortality at our institution has been slightly 
greater in patients with left main coronary artery dis- 
ease than in our overall surgical coronary bypass ex- 
perience (1.4 percent operative mortality in patients 
with left main coronary artery disease and 0.9 per- 
cent in 1,407 coronary bypass procedures performed 
during the same period). In addition, for patients 
with left main coronary artery disease undergoing 
surgery, the mortality rate, including the surgical 
mortality rate, was 3.8 percent in the 1st year with a 
3.3 percent annual mortality rate in an average fol- 
low-up period of 18.1 months. This compares with a 
15 to 35 percent annual expected mortality rate re- 
ported for patients with left main coronary artery 
disease managed medically over a comparable pe- 
riod.?-1..19-15 Figure 1 compares the surgical survival 
in our patients with the survival of patients with left 
main coronary artery disease followed up medically 
by Bruschke et al. for a similar period.!? In these 
actuarial curves,!6 the predicted survival rate of the 


surgical patients was 92.4 percent at 3 years com- 
pared with 53 percent for the medical patients. AI- 
though a randomized prospective study would be 
ideal and perhaps necessary to establish firmly the 
relative merits of medical and surgical treatment in 
patients with left main coronary artery disease, at 
present these data are not available. Of clinical note 
was a small group of nine patients who underwent 
coronary arteriography during the study period; al- 
though their condition was considered operable and 
surgery was offered, they refused surgery; five of 
these nine patients died 1 to 4 months after catheter- 
ization. | 

Implications: Further studies will be necessary to 
compare the results of medical and surgical therapy 
in patients with severe ischemic heart disease. Con- 
trol studies with randomized patients undergoing 
surgery and medical therapy would be ideal, and the 
present study is imperfect and preliminary in this re- 
gard. However, the data presented in this report indi- 
cate that patients with left main coronary artery dis- 
ease can undergo coronary arteriography and coro- 
nary bypass surgery at a relatively low and accept- 
able risk. In addition, the data suggest that patients 
who have coronary artery bypass may have improved 
survival time and greater relief of symptoms when 
compared with similar subsets of medically treated 
patients. 
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Thirty-two consecutive patients who earlier received indirect or direct 
myocardial revascularization underwent reoperation with one or more 
internal mammary artery grafts either alone or in combination with sa- 
phenous vein grafts. The main indication for reoperation was graft clo- 
sure or progression of coronary atherosclerosis in nongrafted vessels, 
or both. Graft construction was performed under normothermic perfu- 
sion and anoxic arrest with interrupted suture technique. No intraoper- 
ative infarctions or hospital deaths occurred. All patients are alive 
after an average follow-up period of 20 months, and two thirds are 
asymptomatic. Arteriography after reoperation in nine patients re- 
vealed patency of eight of nine internal mammary artery and five of 
five secondary vein grafts. When angiographic and symptomatic indi- 
cations for reoperation exist, the internal mammary artery bypass 
graft has become a valuable alternative, particularly for patients with 
small coronary vessels or previous vein graft failure. 


Clinical experience since 1968! has thus far confirmed the status of 
internal mammary artery grafting as a primary operation for isch- 
emic heart disease. Compared with the vein autograft, there is less 
discrepancy in size between the internal mammary artery and the re- 
cipient coronary vessel, and the graft attached to the subclavian 
source can passively regulate flow according to the peripheral coro- 
nary resistance. These features sustain graft patency in the face of a 
small coronary arterial distribution or compromised coronary arterial 
runoff. Graft patency at 1 year exceeds 95 percent as reported from 
several institutions.?-* Our clinical results, including data from grad- 
ed exercise tests,? show a favorable symptomatic response similar to 
that of the vein autograft operation. 

The technical difficulty related to the internal mammary artery- 
coronary artery anastomoses can largely be overcome by increased 
operative experience. Initial graft flow is limited to approximately 
150 ml/min$; however, greater flow requirements can usually be an- 
ticipated in advance and circumvented by the selection process. 
Within established clinical and angiographic guidelines, the internal 
mammary artery is applicable for most elective revascularization 
cases. Included in the current indications for such grafts are patients 
who require reoperation for ischemic heart disease. Herein, we de- 
scribe a subgroup of patients from our reoperative surgical experience 
in 250 cases through 1974. This series is composed of 32 consecutive 
patients who underwent direct or indirect revascularization and later 
received a single or double internal mammary artery graft alone or in 
combination with other coronary arterial revascularization proce- 
dures. 


Clinical Experience 


Thirty-two patients aged 37 to 64 years underwent a second coronary arte- 
rial operation between September 1971 and October 1974. With one excep- 


tion, these 29 men and 3 women had a previous mid-line 

sternotomy incision. All primary operations had involved 
some form of myocardial revascularization. Three patients 
had received a single Vineburg implant; one patient had a 
right coronary artery patch graft, and the remainder had 
single or multiple bypass grafts. The interval between the 
first and second revascularization procedure was 3 to 86 
months (mean 28 months). The primary operation was per- 
formed at the Cleveland Clinic in 22 patients and elsewhere 
in 10 patients. 

The reasons for operation were (1) graft closure (13 pa- 
tients: 12 vein autografts and 1 radial artery graft); (2) 
graft closure and progression of coronary atherosclerosis in 
one or more nongrafted vessels (8 patients); (3) progression 
of coronary atherosclerosis only (8 patients), and (4) previ- 
ous Vineburg implant with unchanged or progressive ath- 
erosclerosis (3 patients). 

Functional classification: Two patients were in New 
York Heart Association functional class I, 6 in class II, 12 
in class III, and 12 in class IV before reoperation. Two pa- 
tients in functional class IV received an emergency opera- 
tion for unstable angina pectoris. Coronary arteriography 
performed shortly before the reoperation disclosed single 
vessel disease in 3 patients, double vessel disease in 13 and 
triple vessel disease in 16. Left ventricular contraction was 
normal or only mildly impaired in 25 patients. One left 
ventricular segment was hypokinetic or akinetic in six pa- 

- tients, and diffuse impairment of moderate degree was evi- 
dent in one patient. Left ventricular end-diastolic pressure 
was increased (15 mm Hg or greater) in four of the patients 
with impaired left ventricular contraction. 
. Operative procedures: The diverse assortment of pri- 
mary and secondary procedures makes explicit grouping of 
. the operation lengthy and complex. Figure 1 illustrates in 
broad categories the relation between the first and second 
coronary arterial operations. Twenty (63 percent) of the 32 
patients had complete revascularization during the second 
procedure. The remaining 12 had diffuse atherosclerosis 
that prevented further grafting, an anatomically small cor- 
onary arterial distribution or an ungrafted artery or arte- 
ries that coursed through a transmural scar. Late follow-up 
information was obtained in all cases by telephone inter- 
view with the patient or his attending physician. 
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Surgical Technique 

Before the median sternotomy is opened, a common fem- 
oral artery is routinely exposed. This safety measure en- 
sures rapid cannulation of the femoral artery should hem- 
orrhage occur during division of the sternum or as a result 
of lysis of adhesions. In this series, no accidental bleeding 
ensued; however, in 2 of the 32 reoperations, the pump ar- 
terial line was inserted into the femoral artery rather than 
into the ascending aorta. In these patients, the ascending 
aorta was too short to accommodate an aortic cannula and 
proximal vein graft anastomoses. 

After removal of the previous sternal wires, the lungs are 
deflated to retract the mediastinal cardiovascular struc- 
tures away from the inner chest wall. We avoid subxyphoid 
probing of the retrosternal space because the adherent 
right ventricle can easily be penetrated by the surgeon's 
index finger. The rim of the sternal notch is exposed to fit 
the saw flange in place, and the bone is divided in a superi- 
or to inferior direction. Rakes are used to retract the ster- 
nal edges, which are mobilized sharply before inserting the 
fixed retractor. Bilaterally, the internal mammary artery 
must be identified to prevent accidental transection. A Fa- 
valoro sternal elevator (Pilling Corp., Fort Washington, 
Pa.) lifts the respective hemithorax for dissection of the in- 
ternal mammary arterial pedicle. 

Ordinarily, heparin can be withheld until after the pedi. 
cle has been mobilized. To promote a dry operative field, 
hypertension should be avoided during mobilization of the 
artery. After the pedicle has been separated from the chest 
wall, heparin is administered and the aorta and right atri- 
um are exposed. The various anatomic structures should be 
identified by sharp scissor dissection rather than blunt sep- 
aration, which frequently results in diffuse bleeding. The 
superior and inferior venae cavae are cannulated and the 
left atrium is vented through the right superior pulmonary 
vein. Àn alternate atrioventricular cannula (U. S. Catheter 
and Instrument Corp.) can be passed across the mitral 
valve, thus decompressing both chambers. The latter vent, 
inserted through the right superior pulmonary vein, ob- 
viates a left ventricular apical vent. 

After the institution of cardiopulmonary bypass, the left 
ventricle is elevated into the operative field. Whenever pos- 
sible, the anterior wall should be mobilized from a postero- 
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endarterectomy. All reoperations consisted of single 
or double arterial grafts. 
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lateral to anterior direction. Dissecting anteriorly, one can 
unroof the protective epicardium and damage the subepi- 
cardial muscle. In cases of occluded saphenous vein grafts, 
a point beyond the apex of the previous graft is usually se- 
lected for reanastomosis. To insure a lumen diameter of at 
least 2 mm, the appropriate internal mammary artery is 
usually transected i in the area of the fifth or sixth intercos- 
tal branch. Spasm in the artery can be released by spraying 
the vessel with dilute papaverine solution. The artery is di- 
vided obliquely and, with an iris scissor, a 3 mm slit is 
made in the inferior wall. In this series, the interrupted 7-0 
silk suture technique? was employed without optical assis- 
tance. 

'These grafts have been constructed under normothermic 
perfusion with the aorta cross-clamped. After the graft is 
constructed, the pedicle of the internal mammary artery is 
sutured to the epicardium to prevent the graft from adher- 
ing to the overlying chest wall. Pump time is occasionally 
prolonged during the reoperations, and hemorrhage from 
adhesions produces substantial cardiotomy return. In view 
of an increased suction volume and frequently longer per- 
fusion time, we interpose micropore filters below the cardi- 
otomy reservoir and also in the pump arterial line. After 
the grafting has been completed, hemostasis must be me- 
ticulous to prevent recurring postoperative hemorrhage. 
Whenever operative transfusions exceeded 6 units of blood, 
fresh blood replacement was instituted. 


Early and Late Results 

Early results: No intraoperative infarctions and 
no hospital deaths occurred. Postoperative cardiac 
complications included atrial fibrillation that revert- 
ed to regular sinus rhythm before discharge in two 
patients; continued postoperative hemorrhage re- 
quired reoperation in three patients and, in one of 
these patients, hepatitis developed. Extracardiac 
complications included a stroke (temporary left 
hemiparesis) in one patient and respiratory failure 





requiring tracheostomy in three patients. One of the 
latter had a tracheal stenosis that required operative 
repair. In the operating room and during hospital 
convalescence, the 32 patients received 4 to 25 units - 
of blood (average of 9 units). Thirteen vein or arterial 
graft specimens were removed during the second op- 
eration, and the pathologists reported organized 
thrombosis in eight vein grafts, intimal hyperplasia 
in four vein grafts and intimal hyperplasia in one ra- 
dial artery (Fig. 2). 

Follow-up results: All patients are still living, and 
the follow-up period extends from 9 to 46 months 
(mean 20, median 19 months). Postoperatively, 22 
patients are now in functional class I, 8 in class II and 
2 in class III. One patient, currently asymptomatic, 
probably sustained a myocardial infarction 13 
months postoperatively and one patient, now in class 
III, had a documented infarction 8 months postoper- 
atively. 

Postoperative coronary arteriography was per- 
formed after the second operation in nine patients 
(Fig. 3). The interval between the reoperation and 
the original procedure ranged from 4 to 17 months 
(mean 10 months). Eight left internal mammary ar- 
tery grafts constructed to the anterior descending 
coronary artery and one right internal mammary ar- 
tery graft performed to the right coronary artery 
were visualized. Eight grafts are widely patent; how- 
ever, in the ninth patient, the graft fills only the 
proximal left anterior descending coronary artery, 
whereas the distal coronary artery is not identified. 
Of seven vein autografts studied in the nine patients, 
five were performed during the reoperation and two 
during the primary operation. All vein grafts are pat- 
ent and the grafts performed at reoperation included 


FIGURE 2. Low power view of a radial artery 
grafted from the aorta to the left anterior de- 
scending coronary artery. The graft closed, and 
this specimen was removed 4 months after the 
primary operation. The obstructed radial vessel 
displays severe intimal hyperplasia; it was re- 
placed with a right internal mammary artery 
graft. 
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FIGURE 3. Coronary arteriograms in a representative case. A, 1967, showing an estimated 60 to 70 percent occlusion of the proximal right 
coronary artery (arrow). An endarterectomy and patch graft were performed at the occlusive site. B, 1968, postoperative right coronary arteri- 
ogram in the left anterior oblique view showing a functioning patch graft. The patient remained asymptomatic for 6 years. C, 1973, second 
postoperative arteriogram after recurrence of angina. A severe lesion of the right coronary artery is evident beyond the still functioning patch 
graft. D, 1973, showing a significant proximal obstruction in the relatively small left anterior descending coronary system (arrow). At reopera- 
tion, the patient received an aortocoronary saphenous vein graft to the distal right coronary artery and a left internal mammary artery graft tc 
the mid-anterior descending coronary artery. E, 1975, showing a functioning right coronary artery vein graft. F, 1975, the left internal mammary 
artery-anterior descending coronary artery anastomosis is widely patent. Ventricular contraction has remained normal. 
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three to the circumflex and two to the right coronary 
artery. Left ventricular function was unchanged from 
the preoperative status in eight patients and im- 
proved in one patient. 


Discussion 


Indications for reoperation: Postoperative coro- 
nary arteriography is recommended for patients who 
experience a return of angina after primary revascu- 
larization. Currently, our indications for a second 
surgical procedure are based on three documented 
angiographic findings in symptomatic patients: (1) 
primary graft failure, (2) progressive narrowing of at 
least 60 to 70 percent in one or more ungrafted major 
coronary arteries, and (3) coronary artery obstruc- 
tions suitable for bypass in patients who received 
Vineburg implants before the advent of direct revas- 
cularization. 

Although the indications for both primary and re- 
operative revascularization are based predominantly 
on the angiographic findings, occlusion of a vein au- 
tograft constructed to an anatomically small or dif- 
fusively atherosclerotic coronary vessel is not neces- 
sarily grounds for reoperation. The final decision is 
based on the patient’s level of physical discomfort, 
the pathologic anatomy of the involved vessels, and 
the presence or absence of sustained additional and 
irreversible ventricular damage. We emphasize that 


selection for reoperation is ultimately determined by * 


high quality coronary arteriography. 

Arterial versus vein grafts: In this series, the 
major indication for reoperation was graft failure or 
progression of coronary atherosclerosis, or both. The 
internal mammary artery graft is preferred since it 
does not seem logical to replace an occluded saphe- 
nous vein graft with a second vein autograft. An in- 
ternal mammary artery graft is most easily applied to 
the vessels on the anterolateral wall and, in cases of 
occluded vein grafts to the anterior descending coro- 
nary artery, the internal mammary artery serves as a 
reliable conduit for perfusion of the distal segment. 
Although vein grafts were frequently utilized in this 
series, they were reserved mainly for patients who 
had obstruction in a right or circumflex coronary ar- 
tery not grafted previously. Occluded vein grafts were 
replaced with another vein graft only rarely and, in 
those few cases, the primary graft failure was attrib- 
uted to a technical problem. 

. Internal mammary arteriography: No attempt 
was made to study the internal mammary artery pre- 
operatively, since injury during the first operation is 
uncommon and the incidence of atherosclerosis in 
this vessel appears to be small. However, routine in- 
ternal mammary arteriograms have been advised.? 
This recommendation becomes important if no alter- 
nate graft is available as, for example, in patients 
with previous vein stripping or with extensive bra- 
chiocephalic disease or a subclavian bruit. Unfortu- 
nately, internal mammary arteriography is not with- 
out danger. In our experience with 400 postoperative 
graft arteriograms through 1974, we have witnessed 


two iatrogenic catheter dissections of the artery that 
resulted in graft closure. 

Operative mortality: Although no deaths or in- 
traoperative myocardial infarction occurred, substan- 
tial morbidity was experienced by approximately 10 
percent of patients. Many complications stemmed 
from vascular adhesions that produce extensive blood 
loss and consequently prolong cardiopulmonary by- 
pass time. Each of three patients who experienced 
respiratory distress postoperatively received more 
than 12 blood transfusions. Comprehensive reviews 
of these and other technical problems have been pub- 
lished?-!? and the reported approaches to manage- 
ment have generally been similar to ours. Johnson et 
al.!? have indicated the merit of the internal mamma- 
ry artery graft in reoperative cases. Technically, 
grafts to the anterior descending and right coronary 
arteries can be constructed with relative ease through 
the adhesive process, but vessels on the posterolater- 
al wall are difficult to identify, especially if they are 
small or assume an intramyocardial location. 

Contraindications: Our guidelines for internal 
mammary artery grafting encompass certain relative 
contraindications. At present, we advocate use of this 
graft only for patients younger than 65 years. We 
have found that elderly patients frequently have 
more sclerotic mammary arteries than younger pa- 
tients, and the incidence of subclavian artery ob- 
struction increases with age. We are cautious about 
use of the internal mammary artery in those with ex- 
tensive brachiocephalic disease or subclavian bruits. 
The time required to mobilize the arterial pedicle 
causes some delay in emergency revascularization 
and ordinarily the arterial graft is not used in cases of 
unstable angina or evolving infarction. Patients with 
a large left ventricular mass and large coronary arte- 
ries should receive aortocoronary vein autografts be- 
cause of their greater flow requirements. 

Graft patency: If the vein graft patency in this se- 
ries equals the results of internal mammary artery 
grafting, one may question the need for arterial graft- 
ing. The answer lies in the established patency of the 
internal mammary artery for small vessel grafts. Six 
of the 9 arterial grafts restudied and 21 of 32 overall 
were performed for vein graft closure. In the majority 
of cases, the diameter of the coronary artery was 
small, and the internal mammary artery was judged a 
more suitable alternative than another vein graft. In 
contrast with the experience of the Stanford group,!* 
we found no wide discrepancy in clinical or angio- 
graphic results between patients operated on solely 
for graft closure and those who underwent revascu- 
larization for progressive atherosclerosis. The expla- 
nation of the Stanford investigators for their finding 
is logical in that factors such as small vessel caliber 
and poor distal runoff that influence the initial graft 
occlusion may adversely affect another vein auto- 
graft. Perhaps greater use of the internal mammary 
artery graft in our series accounted for our more fa- 
vorable results in those with previously occluded vein 
grafts. 


Eight of nine internal mammary artery grafts and 
seven saphenous vein grafts studied in nine patients 
after the second operative procedure are widely pat- 
ent. Five of the eight patent arterial grafts had been 
constructed to coronary arteries initially bypassed by 
vein grafts that subsequently became occluded. Clini- 
cally, 22 of the 32 patients have returned to function- 
al class I status. Two patients had a late myocardial 
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infarction during an average follow-up period of 2€ 
months. Although vein graft and internal mammary 
artery graft patency is approximately equal in this 
small group, our past experience with the arterial 
graft indicates that it is an attractive substitute foi 
the vein graft in patients who require reoperatior 
after graft closure or for progressive coronary athero 
sclerosis. | 
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A preliminary report is presented of a prospective randomized trial conducted by eight cooperative in- 
stitutions under the auspices of the National Heart and Lung Institute to compare the effectiveness of 
medical and surgical therapy in the management of the acute stages of unstable angina pectoris. To 
date 150 patients have been included in the randomized trial, 80 assigned to medical and 70 to surgical 
therapy; the clinical presentation, coronary arterial anatomy and left ventricular function in the two 
groups are similar. 

Some physicians have been reluctant to prescribe medical or surgical therapy by a random process, 
and the ethical basis of the trial has been questioned. Since there are no hard data regarding the natu- 
ral history and outcome of therapy for unstable angina pectoris, randomization appears to provide a ra- 
tional way of selecting therapy. Furthermore, subsets of patients at high risk may emerge during the 
process of randomization. The design of this randomized trial is compared with that of another reported 
trial. 

Thus far, the study has shown that it is possible to conduct a randomized trial in patients with unsta- 
ble angina pectoris, and that the medical and surgical groups have been similar in relation to the vari- 
ables examined. The group as a whole presented with severe angina pectoris, either as a crescendo 
pattern or as new onset of angina at rest, and 84 percent had recurrence of pain while in the coronary 
care unit and receiving vigorous medical therapy. It is anticipated that sufficient patients will have been 
entered into the trial within the next 12 months to determine whether medical or surgical therapy is su- 
perior in the acute stages of unstable angina pectoris. 


* Principal investigator. 
' Present address: University of Florida Medical Center, Gainesville, Fla. 
t Present addréss: Hennepin County Medical Center, Minneapolis, Minn. 


Address for reprints: C. Richard Conti, MD, Division of Cardiology, University of Florida, Box 732, J.H.M. Health Center, Gainesville, Fla. 32610. 
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The clinical features of acute myocardial infarction 
were first described by Herrick,! who indicated that 
it is not always immediately fatal and is frequently 
preceded by angina pectoris and dyspnea. As docu- 
mented by Sampson and Eliaser? and by Feil,’ about 
half of patients with acute myocardial infarction re- 
port that the nature or pattern of radiation of cardiac 
pain changed before the acute episode, the interval 
between the premonitory attack and myocardial in- 
farction ranging from 12 hours to 4 weeks (average 7 
days). 

Synonyms for the premonitory clinical syndrome 
include “impending acute coronary occlusion," ? “im- 
pending myocardial infarction," 4 “coronary fail- 
ure,” ° “acute atypical coronary artery insufficien- 
cy, 76 6 33:77. *prein- 
farction angina, preinfarctional angina," ? *acute 
coronary insufficiency," !? *status anginosus," !! and 
"threatened infarction" and “unstable angina." !? 

Since there is a great variability in the natural his- 
tory of this premonitory syndrome and difficulty in 
defining it clinically with precision, management of 
the syndrome has remained a therapeutic challenge. 
For many years, the mainstay of treatment was bed 
rest.'? Subsequently, anticoagulation and adminis- 
tration of long-acting nitrates and beta adrenergic 
blocking drugs were introduced. Since 1971, direct 
coronary arterial surgery using saphenous vein by- 
pass grafts has played an increasingly important role 
in therapy, but to date there is no definite evidence 
of the superiority of either medical or surgical treat- 
ment.!^ Apart from these considerations, the absence 
of detailed information about the anatomy of the cor- 
onary arteries in patients with this syndrome sug- 
gested that a prospective trial in which patients were 
identified by clinical and arteriographic criteria and 
then randomly assigned to medical or surgical treat- 
ment might provide evidence that one form of treat- 
ment was superior during the acute stages of unstable 
angina pectoris and after hospital discharge. 

Eight participating medical centers have cooper- 
ated in a prospective national randomized trial under 
the auspices of the National Heart and Lung Insti- 
tute to compare the medical and surgical therapy of 
unstable angina pectoris. These centers are the Uni- 
versity of Alabama, Birmingham, Ala.; the University 
of Chicago, Chicago, Ill; Cornell University, New 
York, N. Y.; Duke University, Durham, N. C.; Johns 
Hopkins University, Baltimore, Md.; Massachusetts 
General Hospital of Harvard University, Boston, 


intermediate coronary syndrome, 
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. FIGURE 1. Typical S-T segment and T wave AEE during episode 
of cardiac pain. 


UNSTABLE ANGINA—COOPERATIVE STUDY 


Mass.; University of Rochester, Rochester, N. Y.; and 
Stanford University, Stanford, Calif. An Advisory 
Committee to monitor the conduct and results of the 
trial was set up by the National Heart and Lung In- 
stitute. All data are collated and analyzed by a Coor- 
dinating Center established at Massachusetts Gener- 
al Hospital, Boston, Mass. 


Protocol of the Prospective Randomized Study for 
the Treatment of Unstable Angina Pectoris 


Clinical Presentation 


Pain: Unstable angina pectoris is defined as a changing 
situation presenting as follows: 
A. Angina pectoris of new onset 
1. On effort 
2. At rest 
B. Changing pattern of angina pectoris 
1. On effort 
2. At rest 
For both major groups, pain might occur as: 
I. Single episodes 
2. Discrete episodes 
3. Multiple episodes throughout the day or BHE 

Clinically, these subgroups frequently overlap. For the 
purposes of the randomized trial, the chest pain must be 
sufficiently severe to warrant admission to a coronary care. 
unit within 7 days of the last episode of pain, when the 
physician suspects impending infarction. The patient must 
be less than 70 years of age and, except for coronary artery 
disease, his health consistent with a further life expectancy 
of at least 5 years. He must not have had a myocardial in- 
farction within 3 months of the current admission. 

Electrocardiographic changes: The attack of pain 
must be associated with transient S-T segment shifts, ei- 
ther upward or downward, or T wave changes, or both (Fig. 
1), that return toward normal or toward the control pattern 
within 24 hours if no further pain occurs. The appearance 
of new or persistent Q waves during the period of observa- 
tion excludes the patient from the study, since it is likely 
that these changes represent myocardial infarction. Serial 
electrocardiograms are reviewed by one of the investigators 
at each institution. 

Serum enzymes: Serum values for creatine phosphoki- 
nase (CPK), glutamic oxaloacetic transaminase (GOT) and 
lactic dehydrogenase (LDH) must be obtained on three oc- 
casions during the first 24 hours of observation, and a rise 
consistent with myocardial infarction excludes the patient 
from the study. . 

The clinical criteria therefore describe a patient with one 
or more attacks of severe cardiac pain at rest, associated 
with S-T or T wave changes, or both, but without the ap- 
pearance of Q waves or a rise in serum enzyme levels con- 
sistent with a diagnosis of myocardial infarction (Table I). 


Coronary Arteriography and Left Ventriculography 


Once the clinical criteria have been satisfied and a diag- 
nosis of unstable angina pectoris has been established, the 
purpose of the proposed study is explained to the patient, 
as well as the risks and potential benefit of cardiac catheri- 
zation studies. Informed consent is obtained and selective. 
coronary arteriography using either the Judkins or Sones 
technique and left ventriculography are undertaken. Multi- 
ple selective injections are made into the left and right cor- 
onary arteries in several projections to define precisely the 





TABLE I 
Clinical Presentation 


Electrocardiogram During Paint 


Serum 
New Q Enzyme 
— Cardiac Pain*t S.T Segment T Waves Waves Change 
Recent onset of 4t May invert 0 0 
angina of effort 

Changing pattern i1 May invert 0 0 
of angina of effort 

Angina at rest it May invert 0 0 


E Episodes of cardiac pain should be defined as single discrete, sev- 
eral discrete or multiple daily. 


A history of previous angina of effort should be noted when pres- 


ent. 
. t TheS-Tor T wave changes should revert toward control pattern, 
once the pain has subsided. 


anatomy of the coronary arteries. If left main coronary ar- 
tery disease is found, the number of injections is reduced to 
the least possible. For inclusion in the randomized trial, a 
patient must have one or more lesions of the coronary arte- 
ries that are judged to reduce the diameter of the vessel by 
at least 70 percent and that are considered suitable for cor- 
onary bypass surgery. The distal coronary circulation must 
be of adequate size to accept a vascular graft. 
— Left ventricular function as determined by left ventricu- 
lography must demonstrate an ejection fraction greater 
than 30 percent and an end-diastolic volume of less than 
125 ml/m? body surface area. Neither mild to moderate mi- 
tral regurgitation nor the presence of ventricular akinesia 
or hypokinesia excludes a patient from the study. However, 
he is excluded if it is determined preoperatively that cardi- 
ac surgery in addition to coronary bypass procedures is in- 
dicated. 
Randomization 
The result of the cardiac catheterization study is used to 
determine to which of the following groups the patient will 
be allocated: 
A. Obligatory medical 
B. Obligatory surgical 
C. Randomized 
1. Medical 
2. Surgical 
Medical therapy is considered obligatory for certain pa- 
tients judged unsuitable for surgery because of normal cor- 
onary arteriograms, very mild coronary artery disease, very 
severe distal epicardial coronary disease, marked left ven- 
tricular dysfunction or valvular regurgitation. In a small 
group of patients surgery is considered obligatory because 
they have an obstructive lesion of the left main coronary 
artery. Between these extremes are patients who are ran- 
domly assigned to medical or surgical treatment. For these 
patients a random process of selection is used and a card 
pulled from a central supply to determine whether they 
will be given surgical or medical treatment. A surgical date 
is established at this time, before randomization, for both 
the medical and the surgical groups, the trial thus begin- 
ning on the day of anticipated surgery. 


Further Management 


In patients randomly assigned to surgery, one or more 
aortocoronary saphenous vein or internal mammary artery 
bypass anastomoses is carried out within 192 hours (8 days) 
of admission to the study. In patients continuing with med- 
ical treatment, such therapy is pursued with vigor, and in- 


TABLE II 
Timetable of Randomized Trial 


Time (hr) After 
Admission to 


Coronary Care Unit Evaluation or Therapy 


0—48 Clinical in coronary care unit; 
serial electrocardiograms and enzyme 
studies; medical therapy 
12—72 Coronary arteriography; 
left ventriculography 


48—192* Coronary surgery if selected 


* Date of surgery set before randomization. 


cludes bed rest in the coronary care unit and administra- 
tion of oxygen, beta adrenergic blocking drugs used to max- 
imal therapeutic doses, long-acting nitrates as often as 
every 2 to 3 hours, nitroglycerin as required, sedative drugs, 
digitalis and diuretic therapy when indicated and control of 
blood pressure as needed. Anticoagulant therapy is used at 
the discretion of the physician. An idealized timetable for 
evaluation and therapy is shown in Table II. 


Follow-Up 


Follow-up studies of both the medical and surgical 
groups are carefully maintained and patients in both 
groups are advised to continue treatment designed to re- 
duce coronary risk factors (obesity, diabetes mellitus, sys- 
temic hypertension, smoking and lipid abnormalities) as 
indicated; follow-up studies will continue for at least 5 
years. 

The follow-up study will include those in the randomized 
treatment group as well as those with obligatory medical 
and surgical therapy and those who refused investigation or 
randomization. The follow-up studies will include, apart 
from a routine medical examination, resting electrocardio- 
grams and chest X-ray films, a graded exercise tolerance 
test at 6 and 12 months and, if deemed advisable in the pa- 
tient's best interests, coronary arteriography and left ven- 
tricular arteriography at 12 months thereafter. 


Failure of Treatment 


Failure of medical treatment may be declared and the 
patient withdrawn from the study if chest pain during rest 
continues or life-threatening dysrhythmias persist despite 
vigorous medical therapy. Similarly, medical failure may 
become apparent after the patient leaves the hospital if he 
is found to have disabling angina pectoris. Such patients 
may be subsequently offered surgical therapy. 

Persistent angina pectoris of more than class II severity 
(New York Heart Association criteria) in the groups ran- 
domly assigned to surgery is considered evidence of surgi- 
cal failure. 


Criteria for Evaluation of Results 


The following criteria will be used to evaluate the results 
of medical versus surgical therapy: 

1. Short-term morbidity (incidence of infarction with- 
in 2 weeks) 

2. Short-term mortality (death within 2 weeks) 

8. Long- term morbidity (incidence of infarction with- 
in 1 to 5 years) 

4. Long-term mortality (death within 1 to 5 years) 

5, Long- term functional capacity (incidence of limit- 
ing symptoms, heart failure or angina pectoris at 
1 to 5 years) 





Medical Surgical 
Group Group 
(no. = 80) (no. = 70) 
Single vessel disease 
RCA 6 4 
LAD 13 13 
LCF 3 2 
Double vessel disease 
RCA, LAD 19 12 
RCA, LCF 5 4 
LAD, LCF 12 7 
Triple vessel disease 
RCA, LAD, LCF 22 28 


LAD = left anterior descending coronary artery; LCF = left cir- 
cumflex coronary artery; RCA = right coronary artery. 


A simplified outline of the randomized trial is shown in 
Table III. 


Patient Population 


Clinical Data and Electrocardiographic Changes 


Thus far, 150 patients have participated in the random- 
ized trial, 80 assigned to medical and 70 to surgical therapy. 
In addition, an annual registry is being maintained of pa- 
tients with unstable angina pectoris excluded from ran- 
domization. Surgical patients have been operated upon 
within 8 days after randomization. The average follow-up 
period for medical patients has been 246 days and for sur- 
gical patients 223 days. 

Clinical data: Table IV summarizes the characteristics 
of the patient population. Thirty-nine medically treated 
and 30 surgically treated patients had angina pectoris of 
new onset; 41 in the medical group and 40 in the surgical 
group had crescendo angina. Pain occurred at rest in 65 
(92.9 percent) of the surgical group and in 68 (85 percent) 
of the medical group. There was no significant statistical 
difference between the presentation of the two groups. 
Similarly, the age distribution was similar for patients less 
than 50 years of age and those between 50 and 60 years and 
more than 60 years. 

Electrocardiograms: The incidence of previous myo- 
. cardial infarction and electrocardiographic changes associ- 
ated with chest pain was similar in both groups. Sixty-one 





LL HET NEN ENUUNETC UK TUE GE E EE 
TABLE TT TABLE IV bate 
Randomized Trial: Simplified Sueno Characteristics of Patient Population 
Unstable Angina Pectoris Medical ` Surgical 
Group |. Group 
Clinical Presentation (no. = 80) (no. = 70) 
Coronary Arteriography Angina of new onset 39 30 : 
Effort 2 qM 
Rest 37 27 
Uncertain Crescendo angina 41 40 15 
Surgery: E Effort 10 2x 
Left Main Coronary Randomize Medicine: Rest 31 38 
Artery Inoperable Age 
Less than 50 years 35 27 
50 to 60 years 33 32 
More than 60 years 12 11 
P Previous myocardial infarctions 
Surgery Medicine One 17 21 
Two 2 6 ; 
: ; None 61 43 
Follow-Up With Repeat Evaluation & 1" saerhert shiftwith pain | 
Elevated 22 19 
Depressed 47 4372 
TABLE V Isoelectric 11 8 
Extent of Coronary Occlusive Disease Assessed by 
Arteriograph 
SARAY TABLE VI 


Location of Occlusive Disease in the Left Anterior 
Descending Coronary Artery 


Medical Surdical 
Group Group  . 
(no. = 80) (no.7 70) . 
Proximal* 18 ~ 20 
Distal * 29 .26 
Proximal and distal 19 14 
None 14 10 


* To first septal perforator. 


(76.3 percent) of the medical group and 43 (61.4 percent) of 
the surgical group had no previous myocardial infarction 
by history or electrocardiographic changes. 

Analysis of the electrocardiographic changes recorden 
during pain revealed no significant difference between the 
two groups. Nineteen (12.7 percent) of the 150 patients in 
the randomized trial, had no S-T segment shift during pain 
although transient T wave abnormalities were recorded; 11 
of these patients were in the medical and 8 in the surgical 


group. 
Anatomy of Coronary Arteries 


'The extent of coronary occlusive disease is summarized 
in Table V. Single vessel disease was present in 22 (25 per- 
cent) medically treated and 19 (27.1 percent) surgically 
treated patients, double vessel disease in 36 (45 percent) 
medically treated and 23 (32.9 percent) surgically treated 
patients and triple vessel disease in 22 (27.5 percent) medi- 
cally and 28 (40 percent) surgically treated patients. Tana 
differences are not statistically significant. 

The location of significant occlusive disease was ana- 
lyzed in all three major coronary vessels. Significant occlu- 
sive disease is defined as a narrowing of more than 70 per- 
cent of the lumen diameter. Table VI summarizes the find- 
ings in the left anterior descending coronary artery. The 
distribution of coronary occlusive disease in this artery was 
similar in medically and surgically treated patients. Equiv- 
alent numbers in the two groups had narrowing proximal or 
distal to the first septal perforator, both proximal and dis- 
tal to the first septal perforator or no significant lesions 
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TABLE VII 





Left Ventricular Hemodynamics 
Medical Surgical 
Group Group 
(no. = 80) (no. = 70) 
Left ventricular end- 
diastolic pressure 
0—7 mm Hg 19 22 
. 8—12 mm Hg 36 26 
13-28 mm Hg 18 19 
Unknown 7 3 
Left ventricular end- 
diastolic volume 
75—123 ml 18 10 
(4 124—145 ml 11 17 
-~ 146-176 ml 17 11 
178—326 ml 13 15 
Unknown 21 17 
Left ventricular 
ejection fraction 
. 28—49% 17 17 
50—5996 18 18 
60—69% 20 15 
|... 70—85% 16 13 
Unknown 9 7 


throughout the extent of the artery. A similar analysis of 
the location of occlusive disease in the circumflex and right 
coronary arteries also revealed no significant difference be- 
tween the two groups. 


Left Ventricular Hemodynamics 


'The left ventricular hemodynamic data in the medical 
and surgical groups are summarized in Table VII. Left ven- 
tricular end-diastolic pressure, end-diastolic volume and 
ejection fraction differed among individuals in each group 
of patients, but there were no significant differences be- 
tween the two groups. Analysis of the left ventriculogram 
for contraction patterns of the anterior, lateral, apical, infe- 
rior and basal areas also revealed no significant differences 
between the two groups. 


Discussion 


. Progression and mortality of unstable angina: 
Approximately 1 percent of the general population 
becomes symptomatic each year as a result of isch- 
emic heart disease.!? The most common presentation 
is myocardial infarction, and 30 percent of patients 
present with angina pectoris. Data obtained by inter- 
viewing patients or their families after myocardial in- 
farction suggest that 20 to 84 percent of patients give 
a history of prodromal symptoms.!'6-?? On prospec- 
tive analysis, the incidence of myocardial infarction 
after unstable angina pectoris has ranged from 8 to 
11 percent.*!-?° The reported mortality rate of pa- 
tients with prodromal syndromes has ranged from 2.3 
to 30 percent in follow-up periods of up to 1 year.!6?!- 
" In half of the patients who did not have a myocar- 
dial infarction or die, the symptoms of unstable angi- 
1a lessened or disappeared at 3 months; in the other 
nalf, they persisted unchanged.?? In a recent study, 
Krauss et al.?? reported a 6 percent incidence rate of 
myocardial infarction during hospitalization in 100 
patients. The 1 year mortality rate of these 100 pa- 
tients was 15 percent, and in 90 percent of the pa- 
tients who did not have a myocardial infarction or 


die, the pain disappeared spontaneously or with med- 
ical therapy. Those who presented with deterioration - 
of chronic angina had a significantly increased mor- 
tality when compared with those whose angina was of 
recent onset. | 

In another study, Gazes et al.?? followed up 140 pa- 
tients with unstable angina for 10 years. They found 
that 21 percent of patients had an acute myocardial 
infarction within 8 months of the onset of unstable 
angina pectoris and this group had an associated 
mortality rate of 41 percent. The cumulative mortali- 
ty rate for the entire group at 1 year was 18 percent, 
at 2 years 25 percent, at 3 years 31 percent, at 5 years 
39 percent and at 10 years 52 percent. High risk fac- 
tors for death included frequent attacks of angina 
after hospitalization, previous stable angina and isch- 
emic ST-T segment changes during pain. Thirty-five 
percent of this high risk subset had a myocardial in- 
farction within 3 months of the onset of unstable an- 
gina, and the cumulative mortality rate in this high 
risk group was 43 percent at 1 year, 53 percent at 2 
years, 63 percent at 3 years, 73 percent at 5 years and 
81 percent at 10 years. For the total group of pa- 
tients, 74 percent had less angina at 1 year than when 
first seen, and 8 percent had no change in their angi- 
nal pattern. 

Estimates of mortality rates based upon coronary 
arteriographic data in patients with stable angina 
pectoris are more precise than those based on clinical 
definitions alone.??? A similar prognostic precision 
might also be found in patients with unstable angina 
pectoris by supplementing the clinical diagnosis with 
coronary arteriography and left ventriculography. 

Results of treatment: Medical therapy has in- 
cluded bed rest, administration of long-acting ni- 
trates, beta adrenergic blocking drugs, nitroglycerin, 
sedative drugs and oxygen as well as control of sys- 
temic hypertension. There are as yet no firm data on 
the effectiveness of anticoagulant therapy or beta ad- 
renergic blocking drugs. By 1971, coronary artery by- 
pass graft surgery was being performed for unstable 
angina pectoris, but its superiority over medical ther- 
apy has not been established. The purpose of emer- 
gency surgery is to preserve salvageable myocardium 
in the ischemic or injured zone. The hospital mortali- 
ty rate after coronary artery bypass operations has 
ranged from 0 to 22.5 percent.*?-9^^ Revascularization 
surgery for stable angina pectoris has been reported 
to have a mortality rate of 1.5 to 3.4 percent in the 
same institutions.4°°° In the group of patients with 
unstable angina the rate of intraoperative myocardial 
infarction has ranged from 0 to 25 percent; data re- 
garding improvement in left ventricular function 
have been inconsistent. 10.65 

In most reported studies medical and surgical 
treatment have not been compared on a randomized 
basis. Thus, Conti et al.*? reported that of 10 patients 
who were potential candidates for surgery, but treat- 
ed medically because of the preference of their per- 
sonal physicians, 1 died in the hospital. In the subse- 
quent follow-up period, which averaged 10 months, 
six of the nine remaining patients reported symptom- 
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atic improvement with one of the six being pain-free. 
Three patients had no symptomatic improvement 
and one had a myocardial infarction 9 months later. 
_ In the surgically treated group, 9 of 40 (22.5 percent) 
died during hospitalization. Thirty of the 31 survi- 
vors reported marked symptomatic improvement, 
and 21 of the 30 were pain-free. Of the 31 survivors, 1 
had a myocardial infarction 9 months postoperative- 
ly. There were no late deaths during a follow-up peri- 
od averaging 16.7 months. 

Randomized trials of medical and surgical 
treatment: In light of the variability in the natural 
history, the difficulty in making a precise clinical di- 
agnosis and the differences in anatomy of the coro- 
nary arteries and left ventricular function, it seemed 
likely that only a randomized trial would provide an 
objective comparison of the effectiveness of medical 
and surgical therapy in the acute management of un- 
stable angina pectoris. Such a trial is currently being 
carried out in Argentina, and preliminary results 
have been reported.® In that study, patients are sep- 
arated into those with an intermediate syndrome (de- 
fined as recurrent angina pectoris, prolonged and in- 
tense, not related to effort), those with progressive 
angina (changing pattern) and those with postinfarc- 
tion angina (chest pain occurring within 1 month 
after infarction). Having met the clinical criteria, pa- 
tients are randomly allocated to medical or surgical 
treatment. Thereafter, hemodynamic and an- 
giographic studies are performed and suitability for 
surgery is subsequently determined regardless of 
treatment group. Medical therapy is individualized 
and intensified in those not treated surgically. Of the 
97 patients reported on in detail, 57 were treated sur- 
gically; 4 (7 percent) died in the immediate postoper- 
ative period, and there were no late surgical deaths. 
Of 40 patients treated medically, 6 (15 percent) died 
during hospitalization and 2 more (20 percent total) 
died within 8 months. The average follow-up period 
was 8.3 months. There was a significant difference (P 
< 0.05) in the mortality of patients with the interme- 
diate syndrome treated surgically (2 of 24, 8.5 per- 
cent) and medically (7 of 20, 35 percent). In the 
group with progressive angina no differences in mor- 
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tality were noted between surgically and medically 
treated patients. . 
There are important differences between the de- 
sign of the Argentinian prospective trial and ours, 
since in our trial randomization occurs only after the 
suitability for coronary bypass surgery is known. _ 
Present status of our study: Our experience in 
conducting this prospective randomized trial has re- 
vealed a great deal of physician bias and reluctance 
to prescribe treatment randomly even though there 
are few hard data to reinforce personal preferences 
for one or another form of therapy. In addition, some 
physicians believe that a randomized trial is morally 
unjustified. Since the results of any new form of 
treatment are unknown, and may even be significant- 
ly worse than those of previously recommended ther-. 
apy, randomization is the most ethical approach. 
available.5? Further, a randomized trial may well help 
to identify subsets of patients at the greatest risk.!? 
Our prospective study is designed to determine if. 
unstable angina is best treated by urgent coronary ar- 
tery surgery or vigorous medical management. There 
is a wide spectrum of clinical symptoms, as shown in 
the description of the first 150 patients in our ran- 
domized trial. Many had cardiac pain that disap- 
peared after administration of nitroglycerin but re- 
curred once the drug effect had worn off. The pa- 
tients are a selected group, since all have been admit- 
ted to a hospital or coronary care unit because of sus- 
pected impending myocardial infarction. The majori- 
ty had anginal pain at rest, presenting either as a cre- 
scendo pattern or as pain of new onset at rest. No 
fewer than 126 (84 percent) of the 150 patients expe- 
rienced recurrences of chest pain following admission 
to the coronary care unit, despite vigorous and con- 
tinuing medical therapy. E 
To date, 150 patients have been included in the 
randomized trial, 80 assigned to medical and 70 to 
surgical therapy. The Advisory Committee is moni- 
toring the data being entered by the Coordinating 
Center and it is anticipated that assignment to ran- 
domized treatment of 300 patients (to be completed 
in 1 more year) will provide statistical answers to the 
questions being posed. 
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The Western Collaborative Group Study is a prospective study of 3,154 
employed men aged 39 to 59 years. Ischemic heart disease occurred - 
in 257 subjects during 8.5 years of follow-up. Risk of coronary heart 
disease was studied with use of the multiple logistic risk model. The 
incidence of coronary heart disease had a highly significant associa- 
tion with serum cholesterol level, behavior pattern, cigarette smoking 
and systolic blood pressure in younger (39 to 49 years) and older (50 
to 59 years) men and also with age and corneal arcus in the younger 
group. Type A behavior pattern was strongly related to the incidence 
of coronary disease in both age groups, independent of interrelations 
of behavior patterns with any other risk factor. 


Prospective epidemiologic studies have provided one valuable meth- 
od for determining various individual and environmental factors as- 
sociated with the emergence of clinical coronary heart disease. In the 
Western Collaborative Group Study! an extensive set of physiologic, 
sociologic and psychologic factors were examined for relation to the 
risk of coronary heart disease during 8.5 years of follow-up of a large 
cohort of middle-aged employed men. This investigation differed 
from other such studies by additionally assessing the relation of the 
type A behavior pattern to the incidence of coronary heart disease. 
Type A behavior, which has previously been described in detail,” is 
characterized by enhanced aggressiveness and competitive drive, 
preoccupation with deadlines and chronic impatience and sense of 
time urgency in contrast to the more relaxed and less hurried Type B 
behavior pattern. : 
Earlier reports that discussed findings during follow-up in the 
Western Collaborative Group Study mainly utilized univariate analy- 
sis to study each risk factor separately in relation to incidence of cor- 
onary heart disease.” ^ However, some of the risk factors were studied 
with multivariate analysis, in comparison with results from the Fram- 
ingham study, and remarkably good agreement was found for predic- 
tion of the risk of coronary heart disease using only the factors avail- 
able in both studies.’ In this study methods of multiple logistic risk 
analysis were used to provide multivariate evaluation of the larger set 
of prospective factors examined in the Western Collaborative Group 
Study. 'This was done to assess the direct predictive strength associ- 
ated with each factor and to provide some indication of the relative 
importance of the factors. i 
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Methods and Materials 


The Western Collaborative Group hadi is a prospective 
epidemiologic study of 3,154 initially well men, aged 39 to 
-59 years at intake in 1960-61 and employed in 10 California 
 companies.! Collection of data was terminated with the an- 
nual reexamination in 1969, resulting in 8.5 years of follow- 

-up. Detailed descriptions of the study population and 
methodology have been reported," and only particularly 
elevant features are described again in this report. 

- Clinical diagnosis: Clinical coronary heart disease oc- 
P rund in 257 men, giving a crude average annual incidence 
rate of 9.6/1,000 subjects at risk. The diagnosis of clinical 
coronary heart disease was made by an independent refer- 
ee ! and was defined to include three categories. The first, a 
history of classic angina pectoris without apparent infarc- 

tion, was manifested during the follow-up period by 51 
subjects. The second, symptomatic myocardial infarction, 
- occurred during follow-up in 135 subjects, of whom 104 sur- 
-vived and 31 died during the initial coronary disease event. 
"The diagnosis of acute myocardial infarction in the 104 sur- 
.viving subjects was based upon definitive electrocardio- 
graphic and serum enzyme changes verified from hospital 
-and physicians’ records. Postmortem examination of 24 of 
the 31 subjects who died demonstrated acute coronary 
thrombosis or acute myocardial infarction, or both, in 23 
‘subjects and severe diffuse coronary atherosclerosis in 1 
subject who was found dead in bed, without other anatomic 
‘or toxicologic findings to controvert the classification sud- 
-den coronary death. The diagnosis of acute myocardial in- 
 farction was confirmed by antemortem hospital findings in 
‘four of the seven subjects who did not undergo autopsy 
after death. In the three others, who died suddenly, death 
was considered due to coronary heart disease; none of the 
"three had any other illness to suggest another cause. The 
third category of coronary heart disease, "silent" myocar- 
‘dial infarction, occurred during follow-up in 71 subjects 

‘who had an electrocardiogram during annual resurvey 
judged by both the independent electrocardiographer and 
-by the medical referee to show definite evidence of a pre- 
viously unrecognized myocardial infarction. 

_ Death rate: A total of 140 subjects died, 31 of their ini- 
tial coronary heart disease event, 19 of a recurring coronary 
event and 90 of noncoronary causes, of whom 7 had mani- 
fest coronary heart disease. The death rate per 1,000 per- 
-son-years of completed follow-up was 2.10 from coronary 
events and 3.78 from noncoronary causes. Death from coro- 
nary events occurred in 34 type A and 16 type B subjects 

and from noncoronary causes in 51 type A and 39 type B 

subjects, including 5 type A and 2 type B subjects with 
manifest coronary heart disease. The death rate per 1,000 
person-years of completed follow-up was 2.92 for type A 
and 1.32 for type B subjects for death due to coronary heart 

‘disease and 4.38 and 3.21, respectively, for death due to 

noncoronary causes. 

Follow-up: For all subjects in the Western Collaborative 
Group Study 92.5 percent of the total possible person-years 
of follow-up were completed. Because of this relatively high 
rate, little bias is expected as a result of differential follow- 
up based on risk factor levels. For example, completion 
rates for type A and B subjects were 91.3 and 93.7 percent, 
respectively, so that any association between behavior pat- 
tern and incidence of coronary heart disease cannot be ex- 
plained by a differential in the effective exposure to risk of 
coronary heart disease in these two groups. Men who were 
lost to follow-up before the occurrence of coronary heart 
disease were classified among those without coronary dis- 
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ease, as typically done in other studies using multiple log- 
istic risk analysis.? 

Risk factors studied: In the study population intake 
serum cholesterol and beta/alpha lipoprotein measure- 
ments were missing in 12 subjects, and corneal arcus deter- 
mination and job activity level for 2 subjects. Serum tri- 
glyceride data, obtained at the first follow-up examination, 
were missing for 150 subjects. Hematocrit values, measured 
at the second follow-up examination, were missing for 579. 
These subjects were retained in the analysis by using the 
grand means of the respective measurements to fill in for 
missing values. Although this method of handling missing 
values has not been thoroughly studied, it has strong intui- 
tive appeal. Any distortion introduced in the analysis, par- 
ticularly relative to the statistical significance level for the 
estimated logistic coefficient for the weak risk factor of he- 
matocrit, was believed acceptable in order to take advan- 
tage of the information thereby made available for more 
important risk factors. 

Risk factors measured as continuous numerical determi- 
nations included age (years), systolic and diastolic blood 
pressure (mm Hg), serum cholesterol (mg/100 ml), and 
beta/alpha lipoprotein ratio (dimensionless). These were 
assessed at intake by methods previously described.! Body 
mass index (kg/m?) was derived from intake height (m) and 
weight (kg) measurements. Serum triglyceride (mg/100 ml) 
was determined at the first annual follow-up examination 
in 1962 and hematocrit (percent) at the second follow-up 
examination in 1963. 

Multivariate analysis: Categorical factors assessed at 
intake! were coded as follows for multivariate analysis: be- 
havior pattern (0 = type B, 1 = type A); current smoking 
status (0 = not a smoker, 1 = less than 1 pack/day, 2 = 1 
pack/day, 3 = more than 1 pack/day); schooling (0 = high 
school or less, 1 = some college, 2 = college graduate); exer- 
cise habits (0 = no or occasional exercise, 1 = regular exer- 
cise); job physical activity (0 = sedentary and light work, 1 
= moderate to heavy work); corneal arcus (0 = no, 1 = yes). 
Electrocardiographic status (0 = normal, 1 = abnormal) 
was defined to include subjects with left ventricular hyper- 
trophy, nonspecific S-T segment changes or T wave abnor- 
mality, or both, and intraventricular blocks as code 1, and 
all others as code 0. Parental history (0 = no, 1 = yes) was 
coded yes if there was a reported history of heart attack, 
angina or other manifestation of clinical coronary heart 
disease for either or both parents at intake or through the 
annual follow-up examination in 1966. All but 3 of the 578 
subjects with a positive parental history reported it either 
at intake or after intake but prospectively to any coronary 
heart disease event. Diabetes (0 = no, 1 = yes) was coded 
yes if there was a reported history of this at intake or at an- 
nual follow-up examinations through 1967. 

The behavior pattern was assessed and coded on a 5 
point scale from the structured interview, as previously de- 
scribed.! The rates of coronary heart disease were closely 
similar for subjects with the completely and incompletely 
developed type Al and A2 patterns and, again, were closely 
similar for those with completely and incompletely devel- 
oped type B4 and B3 patterns. Accordingly, the former 
were combined into a single group of type A, and the latter 
into a single group of type B subjects. A few subjects had 
been assessed at intake as having an indeterminant behav- 
ior pattern. In view of their very small number they were 
considered to manifest type B (that is, non-type A) behav- 
ior. The intake findings with respect to the risk factors for 
type A and B subjects showed only minor differences,? with 
no differences in intake electrocardiographic findings. In 
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TABLE | 

Multiple Logistic Coefficients for Risk Factors for Coronary Heart Disease in 8.5 Years 
Men Aged 39 to 49 Years Men Aged 50 to 59 Years 


Stan- Stan- 
Standard — dardized Significance Standard dardized Significance 


Logistic Deviation of Relative Probability Logistic Deviation of Relative Probability 
Coefficient Risk Factor Risk* (P =) Coefficient Risk Factor Risk* (P =) 
Intercept —13.997 rg ee NI. —12.812 ^R tat ots 
Age 0.081 3.079 1.28 0.006 0.058 2.721 1.17 0.145 
Physical activity 
Exercise (0,1) —0.190 0.432 0.92 0.406 —0.349 0.450 0.85 0.187 
Job (0,1) —0.247 0.285 0.93 0.451 —0.162 0.318 0.95 0.622 
Schooling (0,1,2) —0.163 0.930 0.86 0.109 —0.235 0.907 0.81 0.065 
Parental coronary heart disease (0,1) 0.348 0.386 1.14 0.093 0.294 0.388 1.12 0.254 
Diabetes history (0,1) 0.359 0.178 1.07 0.370 0.231 0.241 1.06 0.550 
Cigarette smoking (0,1,2,3) 0.211 1.244 1.30 0.004 0.277 1.221 1.40 0.002 
Body. mass index (kg/m?) 0.045 2.513 1.12 0.240 0.064 2.515 1.17 0.139 
Electrocardiogram —0.431 0.245 0.90 0.291 0.042 0.301 1.01 0.899 
Corneal arcus (0,1) 0.469 0.434 1.23 0.012 —0.105 0.492 0.95 0.636 
Hematocrit (96) 0.036 2.604 1.10 0.291 0.018 2.863 1.05 0.643 
Blood pressure (mm Hg) 
Systolic 0.020 14.155 1.32 0.024 0.015 16.544 1.28 0.140 
Diastolic —0.010 9.558 0.91 0.488 0.011 9.816 1.11 0.531 
Behavior pattern (0,1) 0.616 0.497 1.36 0.001 0.756 0.491 1.45 0.001 
Serum lipids 
Triglyceride (mg/100 ml) —0.001 81.907 0.93 0.428 —0.0001 101.297 0.99 0.930 . 
Cholesterol (mg/100 ml) 0.011 43.123 1.59 0.001 0.008 41.429 1.38 0.005 
1.12 0.180 0.0004 1.092 1.00 0.997 


Beta/alpha lipoprotein ratio (no unit) 0.112 1.046 


* The approximate relative risk (odds ratio) for a change in the risk factor by an amount equal to its standard deviation. 


the younger group (ages 39 to 49 years) there were 1,067 
type A subjects, of whom 95 had coronary heart disease, 
and 1,182 type B subjects, of whom 50 had coronary heart 
disease during the follow-up period, providing respective 
average annual incidence rates of coronary heart disease of 
10.5 and 5.0 (P «0.001). In the older group (ages 50 to 59 
years) there were 522 type A subjects, of whom 83 had cor- 
onary heart disease, and 383 type B subjects, of whom 29 
had coronary heart disease during follow-up, providing re- 
spective average annual incidence rates of 18.7 and 8.9 (P 
« 0.001). 

These continuous and categorical factors were analyzed 
by use of the multiple logistic risk model. The basic fea- 
tures of logistic analysis needed to interpret the results in 
this report are described in the Appendix. 


Results 


. Multiple risk analysis using the logistic model (see 
Appendix) was employed separately for the subjects 


in the two age groups (39 to 49 and 50 to 59 years). 


Since age was included in the logistic model, adjust- 
ment for the effect of age trends within each age 
group is provided by the analysis. Results that were 
obtained with the full set of risk factors are summa- 
rized in Table I. This overall analysis provides a 
screening procedure for identifying risk factors that 
show the strongest association with the incidence of 
coronary heart disease. 

Predictive strength of various risk factors: The 
strengths of these associations are shown by esti- 


mates of relative risk in Tables I and II. This mea- 


sure estimates the relative increase in the incidence 


_of coronary heart disease that is associated with a 


standardized increment of increase of that risk factor 


as described in the Appendix. In the younger men, © 
serum cholesterol, behavior pattern, cigarette smok- 
ing, age, systolic blood pressure and corneal arcus all 
show substantial strength with convincing statistical 
significance as predictors of coronary heart disease. 
In the older group these same characteristics also 
emerged as the most important predictors of coro- 
nary disease except for age and corneal arcus which. 
showed little or no predictability. Cigarette smoking 
was reanalyzed to allow for a more general dose-re- 
sponse pattern than that imposed by logistic analysis 
using a four level smoking code. In this supplementa- 
ry analysis approximate relative risks were analyzed 
separately for subjects who reported smoking of less _ 
than 1, 1, and more than 1 pack/day relative to non- — 
smokers. For men aged 39 to 49 years, the approxi- - 
mate relative risks of coronary heart disease for these — 
three smoking categories were 1.05, 1.53 and 1.93, re- _ 
spectively, when allowing for a general dose-response - 
pattern, compared with 1.29, 1.56 and 1.95 as esti- 
mated using the four level smoking code. Similarly, . 
for men aged 50 to 59 years, the supplementary dose- 
response results were 0.98, 1.63 and 2.32, compared 
with 1.33, 1.77 and 2.35, respectively, using the four — 
level smoking code. Both methods of analysis show - 
essentially the same dose-response relation. However, 
the use of the four level smoking code seems to exag- 
gerate the risk of coronary heart disease in subjects . 
smoking less than 1 pack/day. ! 

The remaining risk factors varied substantially in — 
predictive strength and in the conclusiveness of their - 
ability to predict coronary heart disease as assessed . 
by the measures of statistical significance. For exam- - 
ple, serum triglyceride in statistical competition with — 





other lipids, shows negligible associations with inci- 


- dence of coronary heart disease in either age group. 
Similarly, when studied in conjunction with systolic 


blood pressure, the diastolic blood pressure shows lit- 


tle direct predictive strength. These multivariate 


findings are in contrast to earlier univariate results 


with data from the Western Collaborative Group 
Study in which both serum triglyceride levels and di- 
_astolic blood pressure show significant association 
"with incidence of coronary heart disease.*? Another 


noteworthy example of the difference between univa- 


riate and multivariate results occurs with reported 
history of diabetes. After adjustment for other risk 


factors, subjects with a positive history of diabetes 


- relative to those with no history have an approximate 


relative risk of 1.43 (e9?*9?) and 1.25 (e???!), respec- 


- tively, in the younger and older age groups, but these 
differences are not statistically significant with the 


amount of data available in this study. The Appendix 
- describes methods for interpreting logistic risk analy- 


| sis results by which similar assessments of the other 


risk factors can be made from the findings in Table I. 
Use of reduced set versus full set of risk fac- 


tors: To identify a reduced set of risk factors with es- 


- sentially the same predictive strength as the full set, 


we excluded the weakest factors and restudied the re- 
_ maining ones with use of the logistic risk model. A 
- level of statistical significance having a probability of 


P «0.20 was used as the criterion for excluding the 


 weakest predictors. This level was chosen above the 


more common 0.05 level to avoid omission of any fac- 


- tor whose statistical significance might be diminished 
‘through its association with other risk factors (for ex- 


TABLE II 
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ample, didstalie blood pressure end: serum. Ew 
ide might be excluded because of their high respec- 
tive correlations with systolic blood pressure and 
serum cholesterol). This phenomenon occurs in all 
forms of multifactor prediction in which association 


between two or more factors weakens the statistical - 


significance of each, even though some factors may 
have no predictive content. 

The factors retained in the reduced set for each 
decade are shown in Table II along with the results of 
the logistic analysis. The various factors are listed by 
rank order of their strength of relation to the inci- 
dence of coronary heart disease as measured by the 
“standardized” relative risk (see Appendix for treat- 
ment of relative risks less than 1). A similar order of 
ranking would generally have been obtained if the 
probabilities of significance had been used to mea- 
sure relative importance. This is not surprising since 
a major determinant of statistical significance is the 
observed strength of association. It is also noteworthy 
that none of the factors omitted on the basis of the 
criterion of probability of significance has a “standar- 
dized" relative risk indicating more predictive 
strength than that observed for factors retained in 
the reduced set. 

Predictive strength levels for the factors in the re- 
duced sets in each age group (Table II) were essen- 
tially the same as those observed when the factors 
were studied as part of the larger sets (Table I). This 
finding reflects the absence of significant biasing ef- 
fects due to factors excluded in the reduced analysis. 
In general there was also little change in the level of 
significance probabilities between the two analyses. 








Multiple Logistic Coefficients for Reduced Set of Risk Factors for Coronary Heart Disease in 8.5 Years 
Standard Significance 
Logistic Deviation of Standardized Probability 
Coefficient Risk Factor Relative Risk * (P =) 
. Men Aged 39 to 49 Years 
Intercept —11.747 Pie s Ew 
Cholesterol 0.010 43.123 1.57 «0.001 
Behavior pattern 0.628 0.497 1,87 <0.001 
ity Cigarette smoking 0.223 1.244 1.32 0.001 
Age 0.079 3.079 1.28 0.006 
Systolic blood pressure 0.017 14.155 1.27 0.003 
Corneal arcus 0.458 0.434 1.22 0.014 
Parental coronary heart disease 0.356 0.386 1.15 0.084 
Schooling —0.146 0.930 0.87 (1.15)f 0.142 
Beta/alpha lipoprotein ratio 0.112 1.046 1.12 0.157 
Men Aged 50 to 59 Years 
Intercept —11.790 EA djs D: 

. Behavior pattern 0.774 0.491 1.46 «0.001 
Cigarette smoking 0.285 1.222 1.42 «0.001 
Systolic BP 0.020 16.544 1.40 «0.001 
Cholesterol 0.008 41.429 1.40 0.001 
Schooling —0.214 0.907 0.82 (1.22) 0.085 
Body mass index 0.071 2.515 1.20 0.082 
Exercise habits —0.348 0.450 0.86 (1. 16) 0. 182 
Age 0.053 2.721 1.16 





ipd. 


.. *The approximate relative risk (odds ratio) for a change in the risk factor by an amount equal to its standard deviation. 
Reciprocals of standardized relative risks less than 1 are provided for Sh A AB with keh opi risks greater than 15 
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A notable exception was the significance of systolic 
blood pressure, which increased in the reduced set of 
risk factors in which diastolic pressure was omitted. 
Thus, the high correlation between diastolic and sys- 
tolic pressure (r — 0.76 and 0.79 in the younger and 
older age groups) weakened the latter's statistical 
precision in the analysis using the full set of risk fac- 
tors. 

The reasonableness of omitting the excluded risk 
factors can be assessed by use of the likelihood ratio 
test of the hypothesis that none of the excluded fac- 
tors have any predictive strength. The significance 
probabilities for these tests were P = 0.61 and P = 
0.98, respectively, for the younger and older age 
groups, thus indicating that even the combined im- 
pact of all of these excluded risk factors could have 
no great importance in further improving the predic- 
tion of coronary heart disease. 

Adequacy of multiple logistic risk model: The 
multiple logistic risk model imposes definite con- 
straints on the risk patterns than can emerge from 
data analysis. Consequently, some evidence of the 
adequacy of the model is an important concomitant 
to risk assessment. Although statistical procedures 
for testing goodness of fit of the logistic model are 
not well developed, there is one commonly used 
method. In this, the subjects are ordered into groups 
by risk decile according to their estimated risk, as de- 
rived from the estimated multiple risk equation. The 
sum of the estimated risks of coronary heart disease 
for those subjects in each group gives the number of 
cases of coronary heart disease expected in the group, 
assuming that the multiple logistic risk model truly 
_ fits the coronary heart disease risk process. Compari- 
son of estimated and observed number of cases of 
coronary heart disease in each risk decile group then 
provides a global qualitative assessment of the ade- 
quacy of the model for multivariate risk prediction. 


TABLE III 


Observed and Expected Cases of Coronary Heart Disease 
by Decile of Estimated Risk Using Multiple Logistic 
Analysis with the Reduced Sets* of Risk Factors 

for Subjects in the Western Collaborative Group Study 


Men Aged 39 to 49 Years Men Aged 50 to 59 Years 


Number of Number of 
CHD Cases CHD Cases . 
Risk Subjects Subjects 357 Saas 
Decile At Risk Obs. Exp. At Risk Obs. Exp. 
10 225 51 49.1 90 23 30.6 
9 225 26 25.5 91 27 19.7 
8 225 19 18.4 90 17 15.0. 
7 225 10 14.2 91 12 11.9. 
6 225 5 11.0 90 15 9.6. 
5 224 12 8.6 91 5 7.8. 
4 225 16 6.8 90 4 6.3. 
3 225 2 5.3 91 5 ae Fe 
2 225 3 3.9 90 2 3.7. 
1 225 1 2.3 91 2 E. v 
Total 2,249 145 145 905 112 JP ras 


* See Table I! for specification of risk factors included in the 
logistic analysis. +$ 
CHD = coronary heart disease; Exp. = expected; Obs = observed. - 


Table III shows that a generally good agreement 
was found between observed and expected cases of 
coronary heart disease in the 10 risk decile subjects in. 
each age group using the reduced sets of risk factors. 
The findings are graphically shown in Figure 1 for 
each age group in terms of the corresponding 8.5 year 
rates of coronary heart disease per 1,000 subjects at 
risk. Despite some erratic variability, the agreement. 
in the general pattern of observed and expected inci- 
dence of coronary heart disease is apparent. Similar 
results were obtained using the full sets of risk fac- 
tors. The adequacy of the fit of the multiple logistic 
model to these data and the general tendency for 
similar findings in other studies?^-? lend support to. 
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FIGURE 1. Expected and observed rates of cor- 
onary heart disease (CHD) for deciles of esti- 
. mated risk obtained with multiple logistic risk 
analysis using a reduced set of risk factors. 
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the use of results obtained with this model as the 
basis for studying the predictability of the various 
_ risk factors of coronary heart disease. 

The data shown in Figure 1 also indicate the extent 
to which these risk factors are capable of segregating 
subjects into categories with substantially different 
- risk levels. For example, in the younger men, the risk 
- separation from highest to lowest decile gives a rela- 
tive risk of 21.3, using the expected results to smooth 
- localized chance variation. A corresponding relative 
_ risk of 13.5 is found in the older men between the ex- 
pected risk in the highest and lowest decile subjects. 
- Corresponding observed relative risks in the highest 
compared with lowest risk decile subjects were 51.0 
and 11.5, respectively, in the two age groups (see 
"o Table IIT). 


Discussion 


Epidemiologic studies have uncovered relations 
- between the incidence of clinical coronary heart dis- 
. ease and a variety of prospective risk factors.!? How- 
- ever, because of associations among factors it appears 
` essential to analyze them in an adequate multivariate 
context. Multivariate analysis using the multiple lo- 
_ gistic method? was utilized in this prospective study 
of a large cohort of employed middle-aged men whose 
incidence of coronary heart disease was determined 
over an 8.5 year period of follow-up. 

Significant predictive risk factors: The factors 

found to be strongly related to the incidence of coro- 
 nary disease were serum cholesterol, behavior pat- 
- tern, cigarette smoking and systolic blood pressure in 
subjects of both intake age groups (39 to 49 and 50 to 
_ 59 years), and age and corneal arcus in the younger 
but not the older men. These risk factors have both 
— good predictive strength and high statistical signifi- 
cance so that chance due to sampling variabily is an 
unlikely explanation for the observed findings. 
— Another group of risk factors consisting of parental 
history of coronary heart disease, schooling and beta/ 
alpha lipoprotein ratio in men aged 39 to 49 years 
and schooling, body mass index, exercise habits and 
age in the 50 to 59 year old men show predictive 
strengths that were suggestive of biologic importance 
but that their levels of statistical significance were in- 
conclusive (0.05 < P < 0.2). The remaining factors, 
despite estimates of moderate predictive strength in 
some instances, did not exclude chance as an expla- 
nation for the findings. In this latter group were tri- 
— glycerides and diastolic blood pressure, whose signifi- 
- cant predictive strength in univariate analysis? ? was 
lost in this multivariate analysis. Thus these factors 


do not appear to have significance beyond that of the 
factors with which they are respectively interrelated. 
These findings suggest that neither diastolic blood 
pressure nor serum triglyceride levels are causally re- 
lated to the pathogenesis of coronary heart disease, 
but clarification of this problem will require investi- 
gation by other methods of study. 

'The combined predictive strengths of the risk fac- 
tors examined in the Western Collaborative Group 
Study are sufficient to identify middle-aged men 
with relatively little risk of coronary heart disease as - 
defined by membership in the lowest risk decile 
groups. In even the highest risk decile, however, 77.3 
and 74.4 percent of men in the younger and older age 
groups, respectively, are also expected to remain free 
of coronary heart disease during 8.5 years of follow- 
up. As previously found by others, ?)!! the combina- 
tion of many known risk factors still falls significant- 
ly short of error-free prediction of coronary heart dis- 
ease in middle-aged men during 8.5 years of follow- 
up. It appears therefore that other factors play an 
important pathogenetic role in the incidence of this 
disease. Undoubtedly some of these factors corre- 
spond to physiologic phenomena, some of which may 
not be accessible to noninvasive measurement. Iden- 
tification of risk factors that improve prediction of 
coronary heart disease remains a challenging epide- 
miologic problem. 

Implications of type A behavior: The results of 
this multivariate analysis confirm the relation of tra- 
ditional risk factors such as serum cholesterol, ciga- 
rette smoking and systolic blood pressure to the inci- 
dence of coronary heart disease and reaffirm the pre- 
dictive role of corneal arcus in younger subjects.!? — 
The results also reaffirm earlier follow-up data from 
this cohort?-? indicating a strong association of the 
type A behavior pattern with the incidence of coro- 
nary heart disease. The approximate relative risk for 
type A compared with type B subjects was 1.87 
(e0628) for men aged 39 to 49 years and 2.16 (e9-774) 
for men aged 50 to 59 years (Table II). Moreover, this 
multivariate analysis indicates the presence of a di- 
rect relation of type A behavior to the incidence of 
coronary heart disease in addition to any impact the 
behavior pattern may have by increasing levels of 
traditional risk factors. It is likely that the relation 
between behavior and coronary disease is operative 
at least in part through various neurohormonal path- 
ways!? that may relate to the enhanced degree of 
basic coronary atherosclerosis found in type A men, 


both at autopsy!^ and in coronary angiographic stud- 
‘aq 15,16 
ies. 1? 
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APPENDIX 
Multiple Logistic Risk Analysis 


Multivariate risk analysis is motivated by the need for 
methods that assess the direct predictive strength associ- 
ated with each member of a cluster of interrelated risk fac- 
tors. For example, one important cluster in prediction of 
coronary heart disease consists of systolic and diastolic 
blood pressures. With univariate analysis, each measure is 
examined separately for relation to incidence of coronary 
heart disease, and both show significant predictability. 


However, only multivariate risk analysis provides a method 


for determining whether (1) both measures have direct pre- 
dictability for coronary heart disease, or (2) one appears as 
a predictor in the univariate sense wholly or in part be- 
cause of its association with the other. 

The essence of multiple risk analysis is to examine 
changes of risk with varying levels of one factor at various 
fixed levels of the remaining factors. When many risk fac- 
tors are being considered, a traditional method for multiple 
risk analysis based on cross-tabulation is not feasible. Er- 
ratic results occur because too few cases of coronary heart 
disease must be distributed over too many risk subgroups. 
Instead, multiple risk analysis can be approached with use 
of risk models that are being used with increasing frequen- 
cy in research studies. 

The most widely used model has been the multiple log- 
istic risk model. It is constructed so that risk of coronary 
heart disease is automatically restricted to the appropriate 
range, 0 to 1, and it has shown reasonably good fit to data 
on incidence of coronary heart disease.?? In this model risk 
of coronary heart disease, R, is represented by the equation 


Rz 1/(1 ds e- (Bo* BiX;,. : -+BkXk)) 


where Bo,B;,...,B, are the k + 1 logistic coefficients. 
These are estimated from data which, in this study, con- 
sists of coronary heart disease status at 8.5 years and mea- 
sured levels for k risk factors (X,,Xo,...,X,) for each 
subject. The logistic coefficients were estimated by the 
method of maximal likelihood. Discriminant analysis® was 
used to provide initial values, followed by Gauss-Newton 
iteration.!? 

The rather formidable logistic model can be simplified 
somewhat by linearizing it to give In[R/(1 — R)] = Bo + 
B,X; + BoXo... + B,X,. The quantity, In[R/(1 — R)], is 


called the “logit” (log it) of risk and is the mathematical 
transformation of risk from which this model derives its - 
name. By thinking in terms of logit of risk, which ranges 
from minus infinity to plus infinity as risk ranges from 0 to. 
l, it is possible to interpret the logistic coefficients, 
B1,B2, .. . „Bk. They measure the change in logit of risk per 
unit change in the respective risk factors. The remaining 
coefficient, Bo, provides for an overall calibration of the 
model to give a crude risk level consistent with that ob- 
served in the data. Even with the linearized form of the 
model, two major difficulties remain in interpreting the lo- 
gistic coefficients. 


Approximate relative use (odds ratio): First, the no- 
tion of a change in logit of risk is not easily grasped at an 
intuitive level. Fortunately, an alternative interpretation 
can be given to each logistic coefficient, B;, in terms of ap- 
proximate relative risk (odds ratio). For the risk levels en- 
countered in typical coronary disease incidence data, ePi 
gives a reasonable approximation to the relative risk per 
unit change in the level of risk factor, X;. For example, | 
from Table I the logistic coefficient for behavior pattern for 
men aged 39 to 49 years is 0.616 so that the approximate 
relative risk in type A subjects (coded 1) compared with 
type B subjects (coded 0) is e9616 = 1.85. That is, type A 
subjects have approximately 1.85 times the risk estimated 
for type B subjects. More generally, e(DxB) approximates 
the relative risk per D units of change in the level of risk 
factor, X;. For example, from Table I, the logistic coeffi- 
cient for systolic blood pressure for men aged 39 to 49 years - 
is 0.020, so that an increment of 30 mm Hg corresponds to 
an estimated risk increase by the factor e(30x0.020 = 1.82. 
According to the risk structure imposed by the logistic — 
model, only the size of the D units of change and not the 
starting score from which the change occurs influences the - 
approximate relative risk. 


"Standardized" relative risk: The second difficulty in 
interpreting logistic coefficients occurs because a unit 
change in a risk factor differs in importance depending on 
the nature of the risk factor. For a dichotomous character- 
istic such as the behavior pattern, which is coded (0, 1), a 


unit change bridges the gap between the only two possibili- 
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ties. For a continuous arg teu Such] as blood pressure, 
a unit change of 1 mm Hg represents a small step along the 
scale of possible values. Therefore, the logistic coefficients 
cannot be used directly to compare the predictive strength 
of risk factors. However, compensation for inherent differ- 
“ences in variability among risk factors can be approached 
with use of the "standardized" relative risk. 
— "The first step in computing the “standardized” relative 
"risks is calculation of the standard deviations of the distri- 
_ butions of the measured values of the risk factors. For ex- 
ample, for men in the Western Collaborative Group Study 
aged 39-49 years, the standard deviation of the (approxi- 
mately normal) distribution of systolic blood pressure mea- 
surements is 14.15 mm Hg. From normal distribution theo- 
BEY; about 68 percent of the study population therefore have 
pressure readings within 14.15 mm Hg of the mean; about 
95 percent have readings within 2 X 14.15 mm Hg of the 
š mean, and so forth. By comparison, in the same age group 
the standard deviation of the approximately normal distri- 
bution of serum cholesterol measurements is 43.12 mg/100 
ml. Similarly, about 68 percent of the study population 
have cholesterol] values within 43.12 mg/100 ml of the 
| mean; about 95 percent have values within 2 X 43.12 mg/ 
.100 ml of the mean, and so on. 
Ys Intuitively, these standard deviations represent compa- 
. rable portions of the natural scales of values for the respec- 
tive factors, particularly when all factors have normal or at 
least similarly shaped distributions. When substantial dif- 
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ferences occur in the shapes of the distributions, the stan- 


dard deviations cannot be so consistently interpreted. This 
difficulty is particularly apparent in the comparison of di- 
chotomous with continuously distributed risk factors. Nev- 


ertheless, the standard deviations still provide a useful step 
beyond the lack of comparability inherent in working with 


a single unit of measurement. 

The “standardized” relative risks are the (approximate) 
relative risks corresponding to changes in the risk factor 
scores by amounts equal to their respective standard devia- 


tions. Thus, for men aged 39 to 49 years, the “standard- - 
ized" relative risk for systolic blood pressure is e(14.155x0.020) 


= 1.32 and for the behavior pattern is e(0.497x0.616) = 1.36. 


Despite their usefulness for comparison purposes, the  - 


“standardized” relative risks do not correspond to feasible 
changes in levels of dichotomous risk factors coded (0, 1) 
which have standard deviations of 0.5 at most. 

Relative risks may be less than 1, indicating decreased 
risk with higher risk factor scores; exactly 1, indicating no 
association; or greater than 1, indicating increased risk with 
higher risk factor scores. Relative risks less than 1 may be 
inverted for convenience in comparison with relative risks 
greater than 1. For example, a relative risk of 0.5 for a di- 


chotomous risk factor coded (0, 1) is equivalent to a rela- 


tive risk of 2 for the same risk factor coded (1, 0). 

These “standardized” relative risks have been used in 
this report to give some impression of the relative impor- 
tance of the various risk factors. 
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Eight cases are presented in which the diagnosis of overriding of the 
tricuspid valve was made during life and the electrocardiographic, 
echocardiographic and angiographic features of this defect are pre- - 
sented. Four of the patients had dextrotransposition of the great arte- - 
ries, three had normally related great arteries and one had corrected 
transposition. In each case there was hypoplasia of the right ventricle 
and a ventricular septal defect of the atrioventricular (A-V) canal type. | 
The electrocardiogram in the cases with d-transposition was charac- 
terized by diminished right ventricular forces, left ventricular hypertro- 
phy and a superior leftward frontal plane axis. The echocardiogram in 
seven cases demonstrated a septal leaflet of the tricuspid valve open- 
ing posterior to the septum into the left ventricle. In four cases the an- 
terior leaflet of the tricuspid valve was shown crossing the plane of the 
interventricular septum as it opened in diastole. The diagnosis in five 
cases was made angiographically by a left ventricular injection in the 
left anterior oblique projection. In this view the septum was viewed 
tangentially and in diastole the negative silhouette of the tricuspid 
valve was seen straddling the interventricular septum. The presence 
of an overriding tricuspid valve can greatly complicate repair of intra- 
cardiac defects. The diagnosis of this A-V valve anomaly can be accu- 
rately made with the use of echocardiography and selective left ven- 
tricular angiography. 


An overriding or straddling tricuspid valve is a form of atrioventricu- 
lar (A-V) valve malalignment in which the tricuspid valve is posi- 
tioned over the interventricular septum and opens into both ventri- 
cles. Chordae tendineae of the tricuspid valve attach in both ventri- 
cles and the anomaly is associated with a ventricular septal defect of 
the endocardial cushion type.! In this report overriding tricuspid 
valve refers only to those cases in which there are two separate nor- 
mally formed A-V valve anuli; thus, the dominant left form of com- 
plete A-V canal described by Bharati and Lev? is excluded by this 
definition. 

With new surgical skills now enabling repair of complex congenital 
heart defects, the preoperative delineation of A-V valve anatomy is 
increasingly important. Previous reports concerning overriding tri- 
cuspid valve have dealt primarily with the pathology of the lesion!3-8 
and have not adequately described its diagnosis during life. In this 
paper we describe eight patients with the diagnosis of an overriding 
tricuspid valve and discuss the electrocardiographic, echocardiogra- 
phic and angiocardiographic features of this anomaly. 
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TABLE I 
Clinical and Electrocardiographic Data in Eight Cases of Overriding Tricuspid Value 
Jn 0 VI b S, SP MC fa ES ODES SEE EEE SRNR ES dar A CANNES Cos cal P Re El FRR OS SNS a 
Recent 
Systemic C R/S Rati 
Case Age Presenting Saturation. Axis MALLA ud 13 D A ST-T 
no. Sex (yr) Signs (96) Surgical Procedure (°) V, V. changes Other 
With Dextrotransposition of Great Arteries 
1 M 1/52 CHF — Attempted repair +45 2/6 13/7 No — 
2 M 4 CHF 80 PA banding, atrial —60 1/24 34/5 No RAE 
septectomy 
3 F 10 Cyanosis 85 PA banding, PA-Ao shunt, —60 0/15 10/0 Yes RAE 
atrial septectomy 
4 F 5 Cyanosis 87 Atrial septectomy —60 0/10 17/0 Yes 1° A-V 
block 
With Normal Great Arteries | 
5 F 14 Murmur 92 None *75 0/12 9/0 No Junctional 
escapes 
6 M 3 CHF 89 PA banding +200 20/32 18/10 No — 
| (VR) 
AEEA E 3 CHF 92 PA banding +105 2/10 15/8. No RVCD 
With Corrected Transposition 
8 F 7 Murmur 78 PA banding *105 2/10 6/5 No Ventricular 
inversion 











Ao = aorta; A-V = atrioventricular; CHF = congestive heart failure; PA = pulmonary artery; RAE = right atrial enlargement; RV CD = right 


ventricular conduction delay. 


Materials and Methods 

'The eight patients ranged in age from 1 week to 14 years. 
'There were five girls and three boys. Other pertinent clini- 
cal information is summarized in Table I. 

The echocardiographic features were first recognized by 

.us in May 1974 in a patient whose overriding tricuspid 
valve anomaly was verified by postmortem examination 
(Case 1). We subsequently examined 680 patients in our 
laboratory and identified an additional seven children with 
the echocardiographic features of this anomaly. 

The angiographic features of overriding tricuspid valve 
presented in this study were first recognized in November 
1973 (Case 2; this patient was later recalled for an echocar- 
diographic examination). Nine hundred forty-four cardiac 
catheterizations were performed in our laboratory from 
November 1973 to April 1975, and the angiographic diag- 
nosis of an overriding tricuspid valve was made in four 
more patients. 









p“ 


In one patient (Case 6) the presence of an overriding tri- 
cuspid valve was recognized at the time of attempted clo- 
sure of a ventricular septal defect. Subsequently, the echo- 
cardiographic features of the A-V valve anomaly were dem- 
onstrated and postoperative angiography strongly suggest- 
ed its presence. 

Echocardiograms in this study were performed with a 
model 101B Hoffrel Ultrasonoscope interfaced to a Cam- 
bridge strip chart recorder. All patients were examined in 
the supine position with the transducer in the third or 
fourth left interspace (right interspace in the patient with 
dextrocardia). Standard scanning techniques were em- 
ployed. The excursion of the anterior and septal leaflets of 
the tricuspid valve was measured from the onset of leaflet 
opening at end systole to the peak of early diastolic move- 
ment. 

Angiocardiography was performed in all patients. Left 
ventricular angiography in an oblique projection was per- 
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FIGURE 1. Case 3. Echocardiogram. The systolic position of the anterior leaflet of the tricuspid valve (TV) is far posterior to the interventricular 
septum (IVS). In diastole the leaflet opens from the left ventricle across the interventricular septum and into the small right ventricle. The mitral 
valve was shown to be in continuity with the posterior border of the pulmonary root. AoV = aortic valve; RV = right ventricular wall; VSD = 
ventricular septal defect. 
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FIGURE 2. Case 4. Echocardiogram demonstrating the septal leaflet of the tricuspid valve (arrow) opening in diastole posterior to the septum 
(IVS) into the left ventricle (LV). As one scans superiorly and to the right, the anterior leaflet of the tricuspid valve is shown crossing the plane 
of the interventricular septum as it opens in diastole. MV = mitral valve; RV = right ventricle; TV = tricuspid valve. 


formed in six cases (left anterior oblique in five cases, right 
anterior oblique in the patient with dextrocardia). 


Results 


Electrocardiography: In the four patients with 
dextrotransposition of the great arteries, the electro- 
cardiogram showed diminution in right ventricular 
forces with left ventricular preponderance (Table I). 
In three patients a superior leftward axis was 
present, and in the fourth case there was a leftward 
axis abnormal for age. ST-T wave changes compat- 
ible with severe left ventricular hypertrophy were 
present in two patients. The electrocardiograms in 
the remaining four patients showed no consistent 
pattern. 


Echocardiography: In all cases the tricuspid 
valve was recorded with the transducer aimed more 
laterally than normal. Normally, the systolic or 
closed position of the tricuspid valve is slightly ante- 
rior to, or at the same level as, the plane of the inter- 
ventricular septum. In diastole, the anterior leaflet of 
the tricuspid valve opens anterior to the level of the 
interventricular septum and the anterior border of 
the posterior semilunar root.?:!? In four cases with ov- 
erriding tricuspid valve the closed position of the tri- 
cuspid valve was clearly posterior to the septum. As it 
opened in diastole, the anterior leaflet crossed the 
plane of the septum and appeared to straddle the 
septum (Fig. 1 and 2). This relation was demon- 
strated during scanning from the left ventricle right- 
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FIGURE 3. Case 1. Echocardiogram demonstrating the septal leaflet of the tricuspid valve (arrow) opening posterior to the septum (IVS) into 
the left ventricle. This patient subsequently died and overriding of the tricuspid valve was proved at postmortem examination. MV = mitral 


valve; PA = pulmonary root; RV = right ventricle. 
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FIGURE 4. Case 5. Ee nas dorum. Scanning from the left ventricle toward the aortic root (Ao) demonstrates the large septal leaflet of the tri- 
cuspid valve (TV) opening posterior to the level of the septum (IVS) into the left ventricle coming into close approximation with the anterior 
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leaflet of the mitral valve (MV). RV = right ventricle. 


ward (medially) toward the tricuspid valve. In seven 
cases the septal leaflet of the tricuspid valve was re- 
corded as it opened posterior to the septum and en- 
tirely into the left ventricle (Fig. 2 to 4). The excur- 
sion of this leaflet was large, approximating that of 
the anterior leaflet of the tricuspid valve (Table II). 
The septal leaflet was found when performing a typi- 


TABLE II 
Angiographic and Echocardiographic Data 


Angiographic Data 
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cal scan from the posterior semilunar root toward the 
left ventricle. 

Echocardiograms obtained at the level of the mi- 
tral valve demonstrated the septal leaflet of the tri- 
cuspid valve within the cavity of the left ventricle di- 
rectly anterior to the anterior mitral leaflet. The mi- 
tral valve was found to be normally located in all pa- 





Echocardiographic Pattern of Overriding 
Tricuspid Valve — 








Anterior Leaflet septal I Leatiót 

















Relation VSD et. ————— ———— —— ——— aI 
Case Evidence of Great RV A-V Canal Straddling Excursion Okonina Excursion 
no. of OTV Arteries Hypoplasia Type Other | IVS (cm) into LV (cm) 
1 No d-TGA Mild Yes f taria dtéd No 0.6 Yes 0.4 
aortic arch 
2 Yes d-TGA Moderate Yes PA banding Yes 1.4 Yes 1.4 
3 Yes d-TGA Moderate Yes PA banding, Yes 3.2 No — 
RPA-Ao shunt 
4 Yes d-TGA Moderate Yes PA banding Yes 1.3 Yes 1.3 
5 Yes Normal Mild Yes Oud No 1.6 Yes 1.8 
6 Probable Normal Mild Yes Dextrocardia, PA No 1.5 Yes 1.2 
banding, ħori- 
zontal septal 
plane 
7 Yes Normal Mild Yes PA banding No 1.5 Yes 1.2 
8 No I-TGA Mild Yes PA banding, hori- Yes 1.4 Yes 1.4 





Ao = aorta; A-V = atrioventricular; IVS = interventricular septum; LV = 


zontal septal 
plane, bilateral 
conus 








left ventricle; OTV = overriding tricuspid valve; PA = pulmonary ar- 


tery; RPA = right pulmonary artery; RV = right ventricular; TGA = transposition of the great arteries; VSD = ventricular septal defect. 
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FIGURE 5 (upper left). Case 2. Left ventriculogram, left anterior oblique projection, in a patient with d-transposition of the great arteries and a 
hypoplastic right ventricle. A venous catheter passes through the tricuspid valve (T) directly into the left ventricle (LV). A leaflet of the tricuspid 
valve is well delineated (arrows) and opens into the left ventricle beneath the pulmonary artery (PA). RV = right ventricle. 


FIGURE 6 (upper right). Case 3. Left ventriculogram, left anterior oblique projection, in a patient with d-transposition of the great arteries. The 
retrograde aortic catheter passes through a large ventricular septal defect. The right ventricle is hypoplastic. The tricuspid valve, seen in dias- 
tole, straddles a deficient interventricular septum (arrows), and opens into the left ventricle underneath the banded pulmonary artery. Ao — 
aorta; other abbreviations as in Figure 5. 


FIGURE 7 (lower left). Case 4. Left ventriculogram, left anterior oblique projection, in a patient with d-transposition of the great arteries. Both 
ventricles opacify because of a ventricular septal defect (through which the retrograde aortic catheter passes). The diastolic silhouette of the 
tricuspid valve straddles the interventricular septum (arrows). M — mitral valve. 


FIGURE 8 (lower right). Case 5. Retrograde left ventriculogram, left anterior oblique projection, in a girl with normally related great arteries re- 
sults in biventricular filling through a ventricular septal defect. In diastole, the septal leaflet (arrows) of the tricuspid valve opens posterior to 
the interventricular septum and into the left ventricle. The right ventricle is mildly hypoplastic and contains an anomalous muscle bundle. 
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tients and was normally related to the posterior semi- 
lunar root in seven of the eight. In Case 8, a patient 
with bilateral conus, continuity could not be demon- 
strated between the mitral valve and either semilu- 
nar root. 

Angiography: The relation of the great arteries 
» was normal in three cases and was transposed in five 
(Table II). A ventricular d-loop was present in all 
eases except the one case with levotransposition of 
the great arteries (Case 8, ventricular l-loop). Right 
.ventricular hypoplasia was a consistent finding, and 
was judged mild in five cases and moderate in three. 
In all cases, the ventricular septal defect was of the 
endocardial cushion type; it was large, extended far 
inferiorly and was closely related to the tricuspid 
valve. In addition, left ventricular angiography in the 
anteroposterior projection showed absence of the 
“gooseneck deformity” typical of an endocardial 
. cushion defect. In five patients left ventricular angi- 
ography in the left anterior oblique projection 
- showed the tricuspid orifice in diastole straddling the 
interventricular septum (Figures 5 to 8). In the sixth 
` case (Case 6), in which an oblique projection was em- 
ployed, the tricuspid anulus appeared abnormally 
close to the interventricular septum and, because of 
_ the associated right ventricular hypoplasia and posi- 
tion of the ventricular septal defect, overriding of the 
tricuspid valve was strongly suggested. 


Discussion 


Harris and Farber!! first described an overriding 
tricuspid valve in a 15 month old patient with trans- 
position of the great arteries. Lambert!? later de- 
scribed a case of transposition of the great arteries 
with a rudimentary right ventricular chamber and an 
overriding tricuspid valve; this entity was given the 
eponym “Lambert heart" by Taussig.!? In the patho- 
logic study of Tandon et al.,? the septal leaflet alone, 
_or the septal leaflet and either the anterior leaflet or 
- posterior leaflet of the tricuspid valve, overrode the 
interventricular septum. The association of overrid- 
- ing tricuspid valve with a ventricular septal defect of 
the endocardial cushion type was first described by 
-Rastelli et al.!4 However, overriding of the tricuspid 
» valve is not in itself an endocardial cushion defect 
since complete fusion of the dorsal and ventral atrio- 
ventricular endocardial cushions has occurred. It 
"should be considered a form of A-V valve-ventricular 
-malalignment associated with, and possibly a result 
of, underdevelopment of the right ventricle. Mal- 
alignment of the atrial septum and ventricular sep- 
tum is responsible for formation of the associated 
ventricular septal defect of the A-V canal type. A-V 
- valve malalignment and complete A-V canal defect 
ean coexist (that is, dominant left complete A-V 
canal); in these cases it is the “tricuspid portion” of 
the single A-V valve that overrides the septum. Al- 
though an overriding tricuspid valve occurs with nor- 
mally related great arteries,!^ it is more frequently 
associated with transposition of the great arteries.’ 


Clinical Diagnosis 


Right atrial angiography: Previous reports have 
dealt with the possible ways of diagnosing overriding 
tricuspid valve during life. Liberthson et al.! advo- 
cate the use of right atrial angiography, which may 
demonstrate distinct streams of contrast material 
going from the right atrium to each ventricle. How- 
ever, in the presence of a large atrial communication, 
simultaneous opacification of both ventricles will 
usually occur making this technique impractical. In 
addition, lesser degrees of overriding of the tricuspid 
valve may not be detected with a right atrial injec- 
tion. In this instance only a small amount of contrast 
medium will enter the left ventricle and its presence 
may be obscured by the right ventricle, which may 
only be mildly hypoplastic. The passage of a catheter 
from the right atrium to the left ventricle suggests 
the presence of an overriding tricuspid valve!? al- 
though this can occur in endocardial cushion defects. 

Left ventricular angiography: Rosenquist!’ sug- 
gested the use of left ventricular angiography in mak- 
ing the diagnosis of overriding tricuspid valve, even 
though in his study frontal and lateral projections 
failed to clearly delineate the tricuspid valve abnor- 
mality. The use of left ventricular angiography in the 
left anterior oblique projection in a case of overriding 
tricuspid valve has been previously reported,! but its 
diagnostic importance was not demonstrated. In this 
report, we show the value of left ventricular angiogra- 
phy in a left anterior oblique projection in diagnosing 
overriding of the tricuspid valve. The catheter should 
be positioned near the ventricular septal defect to en- 
courage biventricular opacification. In this projection 
the interventricular septum is viewed tangentially 
and the tricuspid valve is visualized as a “negative” 
silhouette in diastole as nonopacified blood enters 
the ventricular chambers. Normally the tricuspid 
valve orifice lies to the right of the plane of the inter- 
ventricular septum (Fig. 9). In cases of overriding tri- 
cuspid valve the orifice of the tricuspid valve is posi- 
tioned over the plane of the interventricular septum, 
and a portion of the tricuspid valve opens to the left 
of the septum and into the left ventricle beneath the 
posterior great artery. Because of the position of the 
tricuspid valve over the interventricular septum, the 
tricuspid and mitral orifices are closer than normal. 

Echocardiogram: The echocardiographic fea- 
tures of overriding tricuspid valve are: (1) opening of 
the septal leaflet of the tricuspid valve posterior to 
the septum into the left ventricle (seven patients), 
and (2) the anterior leaflet of the tricuspid valve 
crossing the plane of the interventricular septum in 
diastole, appearing to straddle the septum (four pa- 
tients). These findings must be distinguished from 
those in primum atrial septal defect, complete A-V 
canal, large ventricular septal defects and double 
inlet left ventricle. 

In the ostium primum atrial septal defect attach- 
ment of the anterior leaflet of the mitral valve to the 
ventricular septum can be demonstrated.!? In over- 


riding tricuspid valve the mitral valve is continuous 
only with the posterior border of the posterior semi- 
lunar root. In the complete forms of common A-V 
canal there are two common A-V valve leaflets. The 
normal septal leaflet of the tricuspid valve does not 
form because of lack of fusion of the endocardial 
cushions.!? Therefore, in the echocardiogram of pa- 
tients with complete forms of common A-V canal a 
septal leaflet of the tricuspid valve is not found open- 
ing posteriorly in diastole.!? In addition, quite com- 
monly in complete A-V canal only a single large A-V 
valve leaflet is present.!^!? Thus the echocardiogra- 
phic pattern in complete A-V canal (including the 
dominant left form of complete A-V canal) can be 
distinguished from that found in overriding tricuspid 
valve. 

Close approximation and simultaneous visualiza- 
tion of the tricuspid valve and mitral valve can be 
seen in cases of large ventricular septal defect.2° We 
have found this to occur frequently in cases in which 
the ventricular septal defect extends into the endo- 
cardial cushion position. It is important that the tri- 
cuspid valve be seen in relation to the septum since 
in a case of ventricular septal defect the anterior leaf- 
let of the tricuspid valve will open normally, anterior 
to the plane of the septum. When the septal leaflet of 
the tricuspid valve is demonstrated in cases of ven- 
tricular septal defect it will not open posterior to the 
plane of the interventricular septum, as is clearly the 
case in overriding tricuspid valve. 

The distinction between an overriding tricuspid 
valve and complete double inlet left ventricle (the tri- 
cuspid valve opens only into the left ventricle) can be 
made echocardiographically. Figure 10 is the echo- 
cardiogram of a four year old girl with double inlet 
left ventricle. The tricuspid valve (right A-V valve) 
lies entirely posterior to the septum and clearly opens 
only into the left ventricle. 

The transducer in all cases must be in mid posi- 
tion?! because placement of the transducer too low 
on the chest can give a false relation between the sep- 
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FIGURE 10. Echocardiogram from a patient with complete double inlet left ventricle. The tricuspid valve (TV) and mitral valve (MV) are both lo- 
cated within the body of the left ventricle, posterior to the septum (IVS). RV = right ventricular outlet chamber. 
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FIGURE 9. Left ventriculogram, left anterior oblique projection, in a 
patient with d-transposition and normal relation between the tricus- 
pid valve (T) and the interventricular septum. Both ventricles are 
normal in size and opacify because a ventricular septal defect is 
present. The tricuspid valve is anterior to the interventricular sep- 
tum, and its orifice related to the right ventricle (RV). The mitral 
valve (M) is far posterior and empties into the left ventricle (LV). Ao 
— aorta; PA — pulmonary artery. 


tum and tricuspid valve. The finding of tricuspid 
valve echoes within a pulmonary root in transposi- 
tion of the great arteries has been reported??; we be- 
lieve that this is an artifact that can be avoided with 
careful scanning techniques and that it should not be 
confused with.overriding tricuspid valve, which is an 
abnormal relation between the tricuspid valve and 
septum. 

Both echocardiographic features of overriding tri- 
cuspid valve appear to be characteristic of this lesion. 
However, we believe that the septal leaflet opening 
into the left ventricle is the more definitive finding 
because it cannot be an artifact of transducer posi- 
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tion or scanning technique. Unless the anterior leaf- 


. let can be clearly shown to straddle the septum (as in 
Case 3), the septal leaflet of the tricuspid valve 
should be demonstrated opening posterior to the sep- 


. tum into the left ventricle in order to make the echo- 


_cardiographic diagnosis of overriding tricuspid valve. 
"The large excursion of the septal leaflet of the tri- 

cuspid valve in this lesion is probably related at least 

in part to its abnormal attachments to the left ventri- 


cle. Normally, the motion of the septal leaflet is lim- 


| ited by the interventricular septum; the septal leaflet 
- in an overriding tricuspid valve opens freely into the 
- cavity of the left ventricle. Whether or not the septal 


leaflet is actually larger than normal in this lesion is 


. not known. 


Although both the echocardiogram and angiogram 
-are valuable in detecting the presence of overriding 
tricuspid valve, we believe that the degree of overrid- 


_ ing is, in general, more accurately assessed by the an- 


< giographic appearance. In the echocardiogram only a 
- portion of the tricuspid valve is visualized in relation 


. to the septum, whereas in the angiogram the entire 
tricuspid orifice is usually seen in relation to the in- 
|. terventricular septum. 
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Electrocardiogram: The presence of an overrid- 
ing tricuspid valve should be suspected in cases of d- 
transposition of the great arteries when there is evi- 
dence of hypoplasia of the systemic right ventricle. 
~The electrocardiogram can be helpful in this re- 
- gard.! 9/5 Diminished right ventricular forces with 
- left ventricular hypertrophy was present in all our 


- cases with d-transposition of the great arteries. A su- 


_ perior leftward frontal plane axis is related to the 
_ presence of an endocardial cushion type of ventricu- 
lar septal defect. Right atrial enlargement was 
_ present in two patients. Thus, the electrocardiogram 
of these patients can resemble that found in patients 
-with tricuspid atresia.'?? 

An overriding tricuspid valve should be considered 
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in cases of ventricular septal defect and normally re- 
lated great arteries when there is unexplained cya- 
nosis or evidence of right ventricular hypoplasia in 
the electrocardiogram and angiogram. 


Surgical Management 


The combination of an overriding tricuspid valve 
and the associated right ventricular hypoplasia 
creates a surgical problem. In cases with transposi- 
tion of the great arteries, ventricular septal defect 
closure and Mustard repair cannot be performed be- 
cause (1) the right ventricle may be too small to sup- 
port systemic output, and (2) the closure of the ven- 
tricular septal defect cannot be satisfactorily accom- 
plished without interrupting chordal attachments of 
the tricuspid valve within the left ventricle and caus- 
ing tricuspid regurgitation. One possible “corrective” 
operation for these patients might involve a modifi- 
cation of Fontan’s operation for tricuspid atresia,”4 
but further investigation into the results of this type 
of corrective operation are needed before it can be el- 
ectively employed. In cases of overriding tricuspid 
valve with normally related great arteries, the ven- 
tricular septal defect also cannot be closed without 
impairing tricuspid valve competency. 

At present in our institution, patients who demon- 
strate the angiographic and echocardiographic fea- 
tures of this lesion do not undergo corrective surgery. 
We believe that echocardiography and angiography 
can demonstrate the presence of an overriding tricus- 
pid valve, and these examinations should be per- 
formed in all patients suspected of having this rare 
but important anomaly. 
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A patient with bacterial endocarditis and no previous history of angina 
sustained an acute anterolateral myocardial infarction while awaiting 
surgery. Selective coronary arteriography revealed a filling defect in 
the left anterior descending coronary artery with limited flow beyond 
the area of occlusion. A calcific embolus from the infected aortic 
valve was removed at the time of valve replacement, and the patient 
had an uneventful immediate postoperative course. Late postopera- 
tively paravalvular aortic regurgitation recurred before and after a 
second repair. 


Coronary arterial occlusion complicating acute bacterial endocarditis 
was first described in 1856 by Virchow.! It was thought to be a fatal 
complication until Massafia diagnosed it in a living patient in 1948.? 
Wenger and Bauer? and later Cordeiro et al.* reviewed coronary arte- 
rial embolism and believed that it could be diagnosed during life al- 
though nearly every case was proved only at autopsy. This report il- 
lustrates use of selective coronary arteriography in diagnosis of an 
embolus due to bacterial endocarditis. The clinical findings, course 
and the patient’s subsequent management and recovery are dis- 
cussed. 


Case Report 


A 48 year old steel worker was admitted to another hospital in the South- 
west on January 12, 1972. During the previous September he became symp- 
tomatic with pyorrhea. In October he had fatigue and weight loss and in De- 
cember he noted fever and chills. A course of quinacrine was given 1 month 
before this admission, since malaria was suspected. Physical examination on 
this admission revealed a confused acutely ill man with signs of severe aortic 
regurgitation and left ventricular failure. Splinter hemorrhages, petechiae, 
enlarged spleen and liver and right facial weakness were noted. The blood he- 
moglobin level was 9.8 g/100 ml. Blood cultures grew Streptococcus viridans. 
The patient had a history of anaphylaxis to penicillin and was therefore 
treated with parenterally administered vancomycin and streptomycin. The 
organism was sensitive to vancomycin. The signs of left heart failure and dis- 
orientation decreased. On February 3 he was transferred to the Palo Alto 
Veterans Administration Hospital for evaluation for valve replacement. 

Three days after admission, he experienced severe substernal chest pain 
while at rest in bed. He had had no previous angina. During the next 24 hours 
signs of left heart failure developed, and a triphasic friction rub was heard 
along the left sternal border. In addition to the diastolic decrescendo murmur 
at the base, third and fourth sound gallops were heard. Bibasilar rales devel- 
oped, and chest X-ray findings were compatible with pulmonary edema. 
Twelve hours after the onset of chest pain, the electrocardiogram (Fig. 1) and 
serum enzyme levels (Table I) were compatible with an acute anterolateral 
myocardial infarction. Because the patient did not respond to the usual ther- 
apy for congestive heart failure, surgery was believed indicated, but selective 
coronary arteriography was performed first to rule out the possibility of coro- 
nary embolism. 
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Selective coronary angiography revealed a filling defect 
in the mid-portion of the left anterior descending coronary 
artery (Fig. 2); the other coronary arteries were normal. An 
aortic root injection revealed 4+ aortic regurgitation. 

At operation, the aortic valve was removed. It was calci- 
fied and covered with vegetations. There was a small area 
of purulent material around the base of the aorta. A no. 13 
Starr-Edwards prosthesis was sewn into the valve ring. 
Subsequently, a small incision was made distal to the oc- 
cluded area in the left anterior descending coronary artery. 
Minimal flow was seen when the artery was opened. A Fog- 
arty catheter was passed in retrograde manner, and a small 
embolus was removed (Fig. 3). Excellent flow was estab- 
lished before closure of the arteriotomy. 
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FIGURE 1. Electrocardiograms obtained on February 3 and on Feb- 
ruary 6 at 11:30 AM (center) and 9:00 PM (right). Acute S-T segment 
elevation with Q waves in leads |, aVL and Vb to Ve. 








TABLE I 
Preoperative Serum Enzyme Levels (units) 
Feb. 6 Feb. 7 
Serum 
Enzymes 9:00 AM 5:30 PM 6:00 AM 
CPK 10 m 180 
GOT 30 212 360 
GPT A. D wis 48 
LDH 420 1520 3015 
CPK = creatine phosphokinase; LDH = lactic dehydrogenase; 


GOT = glutamic oxaloacetic transaminase; GPT = glutamic pyruvic 


transaminase. 
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Although the evolutionary changes of an acute anterior 
myocardial occurred, the patient had an uneventful post- 
operative course and was discharged in 3 weeks. However, a 
regurgitant murmur developed shortly after his return 
home and he had symptoms of mild congestive heart fail- 
ure. He was readmitted, and an aortic root angiogram dem- 
onstrated a 3+ paravalvular regurgitant jet around the 
noncoronary cusp. At reoperation the valve was repaired 
with placement of an external Teflon® bolster around the 
aorta. The patient was discharged 2 weeks later without ev- 
idence of endocarditis or a paravalvular leak, but returned 
9 months later with recurrence of the paravalvular leak. 
Thirty months after the original valve replacement he con- 
tinues to have symptoms of mild congestive failure and re- 
current pleural effusions but has refused further surgical 
treatment. 


Discussion | 


'The patient's sudden severe chest pain and the ap- 
pearance of Q waves suggested an acute myocardial 








FIGURE 2. Contrast injection of the left coronary artery in the right 
anterior oblique projection reveals a 4 to 5 cm long intraluminal fill- 
ing defect in the mid portion of the left anterior descending artery 
created by an embolus originating from the diseased aortic valve. 
There is only partial occlusion, as evidenced by some filling of the 
distal segment of the vessel. 


FIGURE 3. Fresh blood clot and calcific material, 1.5 cm long and 


0.1 cm in diameter, taken from the left anterior descending coro- 
nary artery. 


infarction, which was confirmed by subsequent 
serum enzyme elevations. In addition, acute left ven- 
tricular failure with pulmonary edema developed. 
Urgent replacement of the regurgitant aortic valve 
was indicated since the patient's condition deterio- 
rated with medical management. 

Surgical replacement of heart valves in infectious 
endocarditis even when the disease is active is per- 
formed with increasing frequency.?-? It has been rec- 
ommended particularly when there is recurrent pe- 
ripheral embolism, congestive heart failure unre- 
lieved by medical treatment, severe aortic or mitral 
regurgitation or resistant bacteremia despite ade- 
quate and appropriate antibiotic therapy.!? The di- 
agnosis of coronary arterial embolism should be con- 
sidered in a patient with known bacterial endocardi- 
tis who has the signs and symptoms of an acute myo- 
cardial infarction. Because acute myocardial isch- 
emia has been shown to be reversible provided the 
period of acute occlusion is brief,!! immediate com- 
plete embolectomy might be expected to restore ade- 
quate myocardial perfusion and perhaps prevent or 
limit myocardial infarction. 

- The deleterious effects of reperfusion after coro- 
nary occlusion as described by Bresnahan et al.!? ap- 
parently have two patterns. Extension of infarction 
with hemorrhage as well as reduction in infarct size 
were both seen when reperfusion was initiated 5 
hours after occlusion. Cheanvechai et al.!? suggested 
that most of the myocardium will be preserved if re- 
vascularization is carried out within 6 hours of the 
acute infarction. Cohn et al.!^ performed emergency 
coronary bypass grafting in eight patients with docu- 
mented acute coronary obstruction that had usually 
occurred during coronary angiography. One patient 
in their group was observed for 36 hours before oper- 
ation and although he had progressive enzymatic and 
-electrocardiographic evidence of anterolateral infarc- 
tion, his discharge electrocardiogram demonstrated 
no new infarct and only minor T wave changes over 
the anterior lateral precordium. 
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Our patient did not have an area of long-standing 
ischemia with attendant collateral development as 
would be the case in a patient with underlying coro- 
nary artery disease. Contrast medium was seen be- 
yond the embolus in the left anterior descending cor- 
onary artery, and it is conceivable that there was an 
area of marginal perfusion in the surrounding area. A 
large zone of marginal ischemia around an acute in- 
farct has been shown to decrease up to 4 hours in 
some cases in primate experiments.!° 

Although 18 hours had elapsed since the pattern of 
acute infarction was apparent in the electrocardio- 
gram, reperfusion of the ischemic area was accom- 
plished by removing the obstructing embolus. 
Whether this resulted in extension or reduction of 
the infarct is not clear; however, the further elevation 
of serum enzyme levels suggests the former. This par- 
tially occluded area might have progressed to total 
occlusion as a result of thrombus formation on the 
embolus or a change in position of the embolus. 
These possibilities favored embolectomy. Finally, no 
adequate data are available on the mechanism of my- 
cotie aneurysm formation, and it is conceivable that a 
bacterial embolism might later lead to the develop- 
ment of a coronary arterial aneurysm at its site with 
the attendant risks, including rupture.!® 

Coronary arteriography and surgery can be accom- 
plished in a patient who has a pattern of an acute 
evolving injury in the electrocardiogram and, al- 
though arteriography causes significant added risk to 
the patient," we believe that the study is essential 
for complete evaluation and subsequent manage- 
ment. 


Addendum 


Since submission of this paper, we have learned that the 
patient was admitted to the referring Veterans Administra- 
tion Hospital on November 10, 1974 with gastrointestinal 
symptoms, vomiting and loose stools. Several days after he 
was permitted out of bed, he apparently collapsed and was 
found dead. Autopsy was not permitted. 
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In a patient with a normal electrocardiogram, normal treadmill exer 
cise test, normal coronary arteriogram and no symptoms to sugges 
angina pectoris, continuous monitoring during several days exhibitet 
repetitive (one to two per hour) S-T segment elevations in the precor 
dial electrocardiographic leads and hemodynamic changes typical o 
Prinzmetal's angina (reduction in arterial pressure and cardiac inde) 
and increase in systemic peripheral resistance and pulmonary wedgt 
pressure). This case demonstrates that electrical and dynamic cardiac 
alterations of Prinzmetal's angina can occur even in the absence o 
angina pectoris. 


Transient electrocardiographic changes of myocardial ischemia oc 
curring without angina have been described in patients with angin 
pectoris at rest, showing either the common! or the Prinzmetal's elec 
trocardiographic pattern.!-5 

In a patient with a normal electrocardiogram, not complaining o 
angina pectoris or other pain at rest or during exercise, transient S-^ 
segment elevation in the left precordial leads was detected casuall 
during a routine electrocardiographic test. Many such episodes wer 
subsequently documented by continuous electrocardiographic re 
cordings on several consecutive days, but none was perceived by th 
patient. The origin and the clinical meaning of these changes becam 
more interesting in light of the patient's normal coronary arterio 
grams. 

A continuous hemodynamic monitoring revealed that the phasi 
electrocardiographic alterations were accompanied by unequivoca 
circulatory signs of cardiac failure that subsided concomitantly wit] 
the reversion to normal of the electrocardiogram. It was therefori 
concluded that the heart of this patient exhibited an electrical an« 
dynamic pattern typical of Prinzmetal's angina'^4 in the absence o 
subjective symptoms that could reveal the existence of the disorder. 


Case Report 


A 46 year old workman was hospitalized because of an attack of dyspne: 
and palpitation that occurred while at home, when he awoke in the morning 
and that subsided within 10 minutes without any therapeutic intervention 
He had been fully active and in excellent health until the preceding day 
There was no history of hypertension, cardiac or lung diseases, or chest pair 
or discomfort at rest or on effort. | 

Physical examination revealed an intelligent alert man in no distress; the 
blood pressure was 150/80 mm Hg in both arms; the pulse rate was 80/mir 
and regular. No murmurs or gallop rhythms were audible. 

X-ray examination of the chest and cardiac fluoroscopy revealed a heart 
of normal size and configuration, with normal pulsations and without intra- 
cardiac calcifications. An electrocardiogram (Fig. 1A) was normal. A hemo. 
gram, urinalysis, serum electrolyte determinations, serum enzyme levels (glu. 
tamic oxaloacetic transaminase [GOT] and lactic dehydrogenase [LDH]) anc 
protein-bound iodine levels were within normal limits. A maximal exercise 
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est performed on a motorized treadmill did not provoke 
‘ither angina pectoris or arrhythmias, and no remarkable 
3-T segment shifts were noted. 

The patient remained asymptomatic in the hospital, and 
wo subsequent electrocardiograms were normal and un- 
'hanged. On the morning of the 7th hospital day, when he 
vas to be discharged, a casual electrocardiogram taken in 
he absence of symptoms revealed marked S- T segment el- 
vation in leads V2 to Vg with reciprocal depression in leads 
I, III and aVF (Fig. 1B). Within a few minutes the electro- 
'ardiogram reverted spontaneously to its control appear- 
ince (Fig. 1C). The patient stated that he had no pain or 
ther discomfort during the recording. Continuous 3 hour 
lectrocardiographic recordings were obtained on 6 subse- 
juent days during different hours each day, according to a 
nethod described previously.* Transient S- T segment dis- 
ylacements of 3 to 5 minutes’ duration, such as those 
ihown in Figure 1, were recorded with an average frequen- 
:y of 1 to 2/hour. The patient never had chest pain or other 
liscomfort, and only in conjunction with one episode last- 
ng longer than usual did he report mild respiratory dis- 
ress. From these findings, it was assumed that an average 
Xf at least 20, and possibly more, episodes of transient S-T 
segment alteration occurred each 24 hours. In view of their 
prognostic and therapeutic implications, an effort was 
nade to achieve a correct interpretation of these findings. 


aVR 
aVL | 


aVF 





FIGURE 1. Twelve lead electrocardiogram. A, control record. B, 
spontaneous episode of S-T segment elevation in leads V2 to Vg 
with reciprocal depression in leads Il, Ill and aVF; C, return to con- 
rol. 






Coronary angiography demonstrated excellent visualiza- 
tion of each major coronary artery; all vessels had optimal 
distribution and patency; no evidence of collateralization 
was detected. Left ventriculography revealed normal left 


ventricular contraction and no mitral regurgitation. The ni- 


troglycerin test was unrevealing because of the short dura- 
tion and spontaneous subsidence of the electrocardiograph- 
ic alterations. Since unequivocal circulatory signs of cardi- 
ac impairment have been shown to accompany the S-T seg- 
ment displacement of Prinzmetal’s angina,'* it was 
thought that circulatory monitoring would yield useful di- 
agnostic information. 

Hemodynamic studies: Studies were carried out with 
the patient fasting, without premedication, in the supine 
position, by techniques described elsewhere in detail. 
The following data were continuously recorded, at variable 
paper speed, on a Hewlett-Packard eight channel ink re- 
corder: electrocardiogram, phonocardiogram, heart rate, 
carotid sphygmogram, brachial arterial pressure, pulmo- 
nary arterial or wedge pressure and right atrial pressure. 


The electrocardiogram was also monitored on an oscillo- 


scope, but the phasic electrocardiographic changes were so 
clear that they could consistently be detected even at a 
paper speed as slow as 0.5 mm/sec (see examples in Fig. 2 


wedge 


|o 4 0 og L| 4 I t + - i — 


| Lil rap 





160 res id M 

FIGURE 2. Original strips of records of an episode of S-T alterations 
(the onset and conclusion are indicated by arrows). From top: time 
marker; pulmonary wedge (wedge), right atrial (rap), and arterial 
pressures (AP); heart sounds (HS); leads V4 and V4 of the electro- 
cardiogram; and heart rate (HR). The progressive elevation of the 
S-T segment and peaking of the T wave are clear even at a record- 
ing speed of 0.5 mm/sec. 


and 3). Arterial and venous catheters were introduced per- 
cutaneously. A balloon-tipped catheter was floated under 
fluoroscopic guidance to the pulmonary artery and ad- 
vanced, when necessary, to the wedge position. For the 
measurement of right atrial pressure a polyethylene cathe- 
ter was also introduced into an antecubital vein and posi- 
tioned in the right atrium. Cardiac output was determined 
using indocyanine green dye and a Gilford densitometer, 
and the derived variables (cardiac index, stroke volume, 
left and right ventricular ejection rate index and total pe- 
ripheral resistance) were calculated in the standard fash- 
ion. Beat to beat variations of heart rate were detected by a 
Cardio-Tach preamplifier. Left ventricular preejection pe- 
riod and ejection time were determined from the electro- 
cardiogram, carotid sphygmogram and phonocardiogram 
recorded at a paper speed of 100 mm/sec. The right ven- 
tricular ejection time was measured from the pulmonary 
arterial tracing. The left ventricular mean electromechani- 
cal rate of rise of pressure (dP/dt),’ right and left stroke 
work (index) and mean rate of systolic ejection (index) 
were calculated from the standard formulas. 

A total of eight episodes of S-T segment displacement 
were investigated. Brachial, right atrial, pulmonary arterial 
and wedge pressures, heart rate and left and right ventricu- 
lar ejection times were measured during the four 20 second 
intervals that immediately preceded the onset of the elec- 
trocardiographic changes. Measurements were also taken 
while S-T segment elevation was increasing, during its 


FIGURE 3. Original records during an 
episode of ST-T alterations (indicated 
by arrowheads) accompanied by car- 
diac arrhythmias. Ill = lead 3 of the 
electrocardiogram; other abbrevia- 
tions as in Figure 2. 
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steady state, while it was beginning to revert to control lev 
els and 30 and 90 seconds after full normalization. Cardia 
output was determined before, during and after the S-7 
segment displacement. The averages of the hemodynami 
functions at the various time intervals are summarized ii 
Table I. 

The electrocardiographic alterations were not precede: 
by changes in heart rate, systemic, pulmonary arterie 
wedge or right atrial pressures, cardiac output or right o 
left ventricular ejection time. With the onset of S-T seg 
ment changes there was a progressive reduction in arteri 
pressure accompanied by a conspicuous reduction in cardi 
ac index and increase in systemic peripheral resistance 
'The following changes were simultaneously seen: increas 
in right atrial and pulmonary wedge pressures, mild in 
crease in heart rate and definite reductions in right and lef 
stroke work, mean rate of systolic ejection and left mea 
electromechanical dP/dt. All the circulatory functions re 
verted toward control levels within 1 to 2 minutes afte 
complete disappearance of the electrocardiographic abnor 
malities. Figures 2 and 3 reproduce original strips of rec 
ords of two such episodes. During the S-T alterations i 
Figure 3, the patient had junctional extrasystoles with ab 
errant ventricular conduction but no symptoms. The puls 
pressure of the postextrasystolic beats did not exceed tha 
of the control beats. 

Treatment and course: Treatment with propranok 
was started at a daily dose of 160 mg with subsequent ir 
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ABLE I : 
verage Circulatory Values at Various Periods* During S-T Segment Displacement 
A B C D 
AP (mm Hg) 165 164 163 164 
AP (mm Hg) 90 90 89 90 
R (beats/min) 80 81 80 81 
IRAP (mm Hg) 4 4 4 4 
WP (mm Hg) 7 7 7 7 
SW (g: m/m?) 5 var B. "y 
AA (g- m/m?) 75 
150 
nail per m?) 
MSEJR 172 
{mi/sec per m?) 
?/dt (mm Hg/msec) 0.9 $c 0.95 
| (ml/min per m?) 3950 ed 





E F G H l 
150 145 148 158 162 
85 87 87 88 89 
83 85 80 80 81 
7 10 10 4 4 
10 19 15 6 7 
3 2 - 6 5 
50 40 90 72 
122 115 148 152 
147 135 172 168 
0.72 0.6 0.92 0.91 
2920 2800 4050 3990 





* Measurements were taken during the four 20 second intervals immediately preceding the electrocardiographic changes (A, B, C, D), during 
ie increase in S-T segment elevation (E), during the steady state period (F), at the onset of reversion to control level (G) and 30 (H) and 90 


conds (I) after full normalization. 


Cl = cardiac index; DAP = diastolic arterial pressure; dP/dt = left mean electromechanical dP/dt; HR = heart rate; LMSEJR = 
left stroke work (index); mRAP = mean right atrial pressure; mWP = mean wedge pressure; RMSEJR = right mean 


ection rate (index): LSW = 


left mean systolic 


'Stolic ejection rate (index); RSW = right stroke work; SAP = systolic arterial pressure. 


‘ements of 80 mg every other day, according to the pa- 
ent’s response, which was evaluated daily with 3 hour 
yntinuous electrocardiographic recordings. Full disap- 
earance of the phasic electrocardiographic alterations was 
msistently found at a dose of 800 mg/day, and he was dis- 
1arged at this dosage. For 2 months he has returned week- 
' to our Cardiology Clinic for follow-up studies including 3 
pur continuous recordings of the electrocardiogram; the 
ectrocardiogram has remained normal, and the patient is 
symptomatic and has returned to work. 


Discussion 


"The reduction in cardiac output, arterial pressure, 
troke work, mean rate of systolic ejection and dP/dt, 
s well as the increase in pulmonary wedge and right 
trial pressures, clearly indicates that heart failure 
ccurred during the electrocardiographic alterations. 
; is therefore likely that the S-T segment displace- 
ient in this patient reflects myocardial ischemic 
hanges that induced no pain but were severe enough 
» cause dynamic impairment of the heart as well as 
ardiac arrhythmias. The electrocardiographic? and 
ne circulatory features! in this case are typical of 
rinzmetal's angina; nonetheless, the total absence of 
ain is unusual and hard to interpret. This aspect de- 
arves comment. Because the angiograms revealed no 
»ronary arterial lesion, the absence of pain might be 
ttributed to this finding. However, there have been 
iany reports of patients with normal coronary arte- 
ograms presenting with the classic symptoms of 
rinzmetal's angina.9-!4 Since no pain-producing epi- 
xde of ischemia was recorded, painful and nonpain- 
il attacks cannot be compared in our subject. In re- 
orted cases, however, there were no definite quanti- 


tative or qualitative electrocardiographic!? or circula- 
tory differences between attacks accompanied or 
unaccompanied by pain. In conclusion, the findings 
in our case do not shed light on the mechanisms or 
agents directly responsible for eliciting pain in myo- 
cardial ischemia. They do indicate (1) that these 
mechanisms are undetectable by electrocardiogra- 
phy, and (2) that pain and impaired cardiac function 
do not necessarily accompany each other, although 
each is probably a consequence of ischemia. 

Angiographic studies have indicated a transient 
spasm of the coronary vessels as the possible trigger- 
ing mechanism of ischemia in patients with Prinzme- 
tal's angina.9-!7 In our subject none of the circulatory 
factors that acutely increase the mechanical effort of 
the heart, and consequently its need for oxygen, such 
as tachycardia, increase in arterial pressure or length- 
ening of ventricular contraction, can be considered 
responsible for the episodic myocardial ischemia, 
which seems to be the event leading to impairment of 
cardiac function. These findings are in keeping with 
the interpretation that in such cases, ischemia is pri- 
marily due to an altered oxygen supply, possibly 
caused by coronary spasm, rather than to increased 
myocardial oxygen demand. 

Our observations further indicate that continuous 
electrocardiographic recording or monitoring pro- 
vides the most direct and informative means for eval- 
uating and recognizing patients with disturbances of 
the coronary circulation. This diagnostic tool was 
valuable in the diagnosis of our case, which probably 
represents a new facet of Prinzmetal's angina that 
might be called “angina without angina." 
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Pulmonary varix is a rare finding; only 35 documented cases have 
been reported. The first case was described in 1843 as an incidental 
postmortem finding. The first clinical diagnosis was not made until 
1951. In more than half of the 35 cases, the varix was present in the 
absence of congenital and acquired heart disease. Six patients have 
had concomitant mitral rheumatic heart disease. This communication 
describes the second patient with rheumatic mitral regurgitation in 
whom the pulmonary varix became radiographically invisible after 
prosthetic mitral valve replacement. 


Varices of pulmonary veins are rare. Puchelt! is credited with being 
the first to describe it in 1843 as an incidental postmortem finding in 
a newborn who died from intestinal hemorrhage and had multiple 
varices in other organs as well. Subsequently five additional cases 
were reported,?-? all diagnosed at postmortem examination. The first 
clinical diagnosis was not made until 1951 when Mougin et al.? estab- 
lished the diagnosis of a pulmonary varix in a patient by angiography. 
Eight years elapsed before a second case was reported?; as in Mou- 
qin's case, the diagnosis was made by pulmonary angiography. To 
date, only 35 documented cases have been published,!-!? the majority 
since 1959. 

This communication describes a patient with concomitant rheu- 
matic heart disease whose pulmonary varix is no longer visible by 
X-ray examination 2 years after successful mitral valve replacement 
with a Starr-Edwards prosthesis. To our knowledge, only one similar 
case has previously been reported.!? 


Case Report 


The patient is a 44 year old black housewife admitted to the George Wash- 
ington University Hospital on February 24, 1966 with infectious endocarditis 
due to Streptococcus viridans. Asymptomatic rheumatic heart disease with 
mitral insufficiency had been present for many years. The endocarditis re- 
sponded well to treatment with penicillin and streptomycin and the patient 
was discharged free of symptoms in 6 weeks. Follow-up chest X-ray film of 
March 29, 1967 (Fig. 1) revealed a rounded right paracardiac density that was 
not present on February 5, 1966. Tomography (Fig. 2) localized it at 9.5 to 10 
cm in the anteroposterior projection. Its configuration suggested a vascular 
anomaly. There was no change in the patient's clinical status and no personal 
or family history of hemoptysis or other bleeding tendency. Right heart cath- 
eterization (Table I) and forward pulmonary cineangiography with filming 
continued into the levophase identified the density as a right inferior pulmo- 
nary varix. 

In the ensuing 4 years heart and varix size increased (Fig. 3), but the pa- 
tient remained free of symptoms aside from episodic nocturnal cough. Hemo- 
dynamic studies were repeated on June 18, 1971 (Table I). In view of signifi- 
cant mitral regurgitation with increasing pulmonary arterial pressure, and 
particularly because of progressive enlargement of the pulmonary varix, the 
patient underwent prosthetic replacement of mitral valve on July 13, 1971. 


x 





FIGURE 1. Chest roentgenograms. Left, film of March 29, 1967 demonstrates enlarged cardiac silhouette and a rounded density in the right 
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lower lung field adjacent to the cardiac border. Right, earlier film of February 25, 1966 reveals no abnormal findings. 


At operation, a large varix of the right inferior pulmo- 
nary vein was visualized. Its posterior location precluded 
adequate photographic documentation. Reoperation was 
required on March 2, 1972 for correction of a paravalvular 
leak with resultant severe pulmonary hypertension (Table 
I) and congestive heart failure. A defective Starr-Edwards 
no. 6300 stellite ball valve prosthesis was replaced with a 
no. 6120 Silastic? ball valve. Postoperatively, symptoms 
and signs of congestive heart failure disappeared and heart 
and varix size diminished. At present the varix can no long- 
er be identified by chest X-ray film (Fig. 4), although it is 
still discernible by tomography. 


Discussion 


A pulmonary varix can be defined as a localized en- 
largement of a pulmonary vein that enters normally 
into the left atrium. It is a rare entity of uncertain or- 
igin. Developmental aberrations during the primitive 
splanchnic capillary stage are considered to be a like- 
ly cause,!? particularly when the varix is seen in 
asymptomatic healthy young people.!! In the symp- 
tomatic group with pulmonary venous hypertension, 
varicosities have been attributed to long-standing 
pulmonary venous hypertension.!9.12.1? Since the ma- 
jority of patients with chronic pulmonary venous hy- 
pertension do not have associated pulmonary varices, 
it seems likely that an additional local factor may 
exist. In our patient its appearance subsequent to in- 
fectious endocarditis raises a possibility that infec- 
tion of the venous wall played a causative role; how- 
ever, hemodynamic worsening of mitral insufficiency 
appears more plausible. 


Clinical Features 


Pulmonary varix usually comes to attention be- 
cause of abnormal chest X-ray findings and must be 


differentiated from other “coin lesions" as well as 
from pulmonary arteriovenous fistula and anomalous 
pulmonary venous drainage.!6 Unnecessary thoracot- 
omy may be avoided if pulmonary varix is included in 
the differential diagnosis.!??? Definitive diagnosis is 
established by pulmonary angiography. 

The most common site for a varix is the right 
upper pulmonary lobe; the next, the left upper lobe 
and lingula.! Varices are usually single, but occa- 
sionally may be multiple as illustrated by one patient 
who had five in the left upper pulmonary lobe.’ Pul- 
monary varices usually do not cause symptoms and 
are generally considered benign.!!:!© Yet pulmonary 
varix caused sudden death in two patients as a result 
of spontaneous rupture of the varix into the pleural 
cavity! and it contributed to death in two other 








FIGURE 2. Tomogram at 9.5 cm in anteroposterior projection is 
highly suggestive of a vascular density. 
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TABLE | 


Cardiac Catheterization Findings 





October 1967 June 1971 February 1972 





Pressures (mm Hg) 

Right atrium 

Mean 2 3 22 

C wave Y M 36 

V wave b AD. Me 24 
Right ventricle 32—38/0 62/2 100/22 
Pulmonary artery 30—35/8—12 (25) 62/32 (46) 100/55 (80) 
Pulmonary ‘‘capillary”’ 

Mean 14—18 

V wave 20—25 


Left atrium 
Mean 
C wave 
V wave 
Left ventricle 
Aorta 


Left brachial artery O, saturation 99% 
3% (normal) 
Negative 


Nitrous oxide from pulmonary artery 

Fiberoptic catheter exploration of 
RA and SVC 

Indocyanine green curves 

Pulmonary cineangiogram 


LV cineangiogram 


18—22 

10 

45 X 
115/8 115/16 
115/82 115/80 


Negative for shunts 
Varix right inferior 
pulmonary vein 


Marked paravalvular 
regurgitation 


Marked mitral 
regurgitation 





LV = left ventricle; RA = right atrium; SVC = superior vena cava. 





cases. In one? of the latter two, it communicated with 
a bronchus as a result of erosion into the varix by an 
adjacent tuberculous process, and recurrent hemop- 
tysis led to death. In the other, the varix contained 
thrombi thought to be the source of cerebral emboli 
that resulted in hemiplegia and death.? In all four pa- 
tients the diagnosis of pulmonary varix was not made 
until postmortem examination. 

In more than half of the reported cases, the varix 
was present in the absence of either congenital or ac- 


FIGURE 3. Chest roentgenograms (posteroanterior and lateral) of June 13, 1971 reveal an increase in heart and varix size since 1967. 


quired heart disease. Six patients had concomitant 
mitral rheumatic heart disease. In one, the size of the 
varix decreased after successful treatment of conges- 
tive heart failure.!’ Two?!° of the six patients under- 
went surgery for mitral valve disease. Mitral commis- 
surotomy was performed in one patient? whose varix 
had not enlarged in 5 years; 4 years postoperatively 
the radiographic appearance of the varix was un- 
changed. Prosthetic mitral valve replacement was 
performed in the other,!° whose varix had progres- 
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sively enlarged for 7 years, 2 years postoperatively 
the varix was no longer visible radiographically. 


Treatment 


The limited clinical experience with pulmonary 
varix precludes definitive therapeutic recommenda- 
tion, but treatment does not appear to be indicated 
in asymptomatic young healthy adults once the diag- 
nosis is firmly established.!! Serial observations, in- 
cluding chest roentgenograms, to determine stability 
of the lesion may be prudent in this group. Neverthe- 
less, it bears emphasis that one!” of the two patients 
who died suddenly from spontaneous rupture of the 
varix into the pleural cavity was a 30 year old woman 
without cardiac or pulmonary disease whose varix 
size was unchanged radiographically for 12 years. In 
symptomatic persons with pulmonary venous hyper- 
tension due to mitral valve disease, replacement of 
the diseased valve by prosthesis should be given con- 
sideration, especially if the varix has progressively 
enlarged. Roentgenographic disappearance of the 
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FIGURE 4. Chest roentgenograms (posteroanterior and lateral) of May 20, 1974. The pulmonary varix is no longer visible. 


pulmonary varix after mitral valve replacement in 
the patient described by Hipona and Jamshidi!? and 
in our patient supports the recommendation of oper- 
ative treatment in this group of patients with pulmo- 
nary varix. 


Addendum 


Since completion of this manuscript, a brief case 
report by Perrott and Shin?! has appeared, describ- 
ing a 33 year old woman with rheumatic mitral insuf- 
ficiency and a pulmonary varix of the right inferior 
pulmonary vein. The varix was visualized at the time 
of “valvular surgery," but the subsequent course was 
not stated. 
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In a patient with myotonia dystrophica multiple ventricular arrhythmias 
and high degree atrioventricular block requiring a permanent pace- 
maker developed. Patients with skeletal muscle disease may present 
with disproportionately advanced manifestations of associated cardiac 
disease. Early recognition of potential serious underlying cardiac dis- 
ease is important in patients with this condition. 


For many years patients with myotonia dystrophica have been recog- 
nized to have associated cardiac disease. In 1911 Griffith! noted in 
such a patient a very slow pulse in the absence of heart block. Evans,? 
in 1944, reported 13 cases of myotonia with particular emphasis on 
cardiac disease. One of his patients had 2:1 atrioventricular (A-V) 
block and another had a long P-R interval, left axis deviation and 
Stokes-Adams attacks. He noted the high incidence rate of prolonged 
P-R interval in these patients, “slurring of the QRS” and left axis de- 
viation. In 1951 Spillane? reported sudden and unexpected death 
from heart failure in a man with myotonia dystrophica. Fisch,‘ also in 
1951, reviewed the literature and noted abnormal electrocardiograms 
in 68.3 percent of cases studied. Litchfield,’ in 1953, described a pa- 
tient with myotonia dystrophica who had Stokes-Adams attacks asso- 
ciated with complete A-V block. In addition, this patient had epi- 
sodes of ventricular tachycardia. At that time permanent pacemakers 
were not available for therapy of high degree A-V block, and the pa- 
tient died during a syncopal episode. Cannon, in 1962, reported on 
11 patients who had cardiac and pulmonary disease. A variety of su- 
praventricular and ventricular arrhythmias and various degrees of 
A-V block were noted in this series. Petkovich et al.” in 1964, re- 
ported on a patient with Stokes-Adams attacks due to high degree 
A-V block requiring a pacemaker. Church,’ in 1967, reviewed the lit- 
erature and found that in 16 percent of patients whose history was 
available symptoms were referable to the cardiovascular system; 4 of 
an additional 17 patients had cardiovascular symptoms. 

Kennel et al? described in detail the light microscopic fibrofatty 
changes in the A-V conduction system of a patient with myotonia 
dystrophica and arrhythmias in addition to partial A-V block. Uemu- 
ra et al.!? recently reported three cases (one with Stokes-Adams at- 
tacks) studied with electron microscopy and His bundle electrocardi- 
ography. Cellular damage and fat replacement were noted. It has be- 
come increasingly evident that the cardiac muscle and conduction tis- 
sue are involved in this disease. 

We recently studied a patient with evidence of A-V and intraven- 
tricular block and multiple ventricular arrhythmias who required a 
permanent transvenous pacemaker for successful therapy of the high 
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degree A-V block. Our patient Res similar to the 
one described by Litchfield.’ 


Rr hee = Case Presentation 


- A 49 year old man was admitted to Candler General Hos- 
pital, Savannah, Ga., after having had a seizure. He com- 
plained of weakness that was followed by a syncopal epi- 
sode and a tonic seizure that was observed by a family 
member. He had a long history of progressive muscle weak- 
ness primarily of distal muscle groups associated with myo- 
tonia dystrophica. T'wo sisters also had myotonia dystro- 
hica. 

f Vital signs on presentation were as follows: pulse rate 
50/min, blood pressure 150/80 mm Hg, temperature 98.6° 
F, and respirations 10/min. He had temporal balding and a 
cataract of the right lens (a cataract of the left lens had 
been surgically removed). Rales were present at both lung 
bases and jugular venous pressure was slightly elevated at 
30° elevation. The cardiac apex impulse was in the sixth in- 
tercostal space in the anterior axillary line and no murmurs 
were heard. A faint fourth heart sound was heard at the 
car iac apex intermittently. Testicular atrophy was 
present. Later, when muscular testing could be performed, 
there was evidence of marked generalized muscle weakness 
that was most prominent distally, and myotonia could be 
demonstrated. Reflexes were hypoactive. 

An electrocardiogram disclosed a multiform accelerated 
idioventricular rhythm!! at about 50 beats/min and high 
degree A-V block with A-V conduction taking place rarely 
(not illustrated) even when the opportunity was appropri- 
ate (Fig. 1). Conducted supraventricular beats showed left 
ventricular conduction defect with an rS pattern in lead 
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[he three bottom strips are continuous 

FIGURE 1. Top strip, lead Il, demonstrating A-V dissociation with 
atrial rate of 90 beats/min (small arrowheads point to P waves) and 
an accelerated idioventricular rhythm at 50 beats/min. The machine 
was switched to lead Ill (three bottom strips), and the dissociation 
sontinued with the persistent accelerated idioventricular focus that 
was usurped by another idioventricular focus. A fusion beat (large 
arrowheads) indicates competition from a new ventricular pace- 
naker and later (large arrowheads, bottom strip) fusion occurs 
again. None of the supraventricular beats are conducted although 
ample opportunity existed indicating a high degree of A-V block. 
These strips demonstrate two idioventricular foci at nearly identical 
‘ates in competition for control of the ventricles. 
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III. Chest X-ray films T RER moderate bi 
but only portable films were available. 

Course and treatment: The tonic seizure was thought 
to be due to cardiac arrhythmia, probably episodes of ven- 
tricular tachycardia alternating with high degree A-V block 
and bradycardia. In the acute care unit the patient became 
alert but continued to have multiple ventricular arrhyth- 
mias that were primarily accelerated  idioventricular 
rhythms and runs of ventricular tachycardia. About 10 
hours after admission he had a prolonged episode of ven- 
tricular tachycardia that was unresponsive to direct current 
cardioversion but converted to a supraventricular rhythm 
after intravenous administration of lidocaine (Fig. 2). 

After the conversion to supraventricular rhythm at a rate 
of 88 beats/min, 2:1 A-V block and left ventricular conduc- 
tion defect were present (Fig. 3). Because of the high de- 
gree of A-V block, the relatively slow ventricular rate (50 
beats/min) and multiple short bursts of ventricular tachy- 
cardia, a temporary transvenous pacemaker was inserted 
and wedged into the apex of the right ventricle. The ven- 
tricular arrhythmia was controlled with pacing at rates of 
90 to 110/min and administration of decreasing doses of 
lidocaine. A permanent transvenous demand pacemaker 
was then inserted. 

Over the next several weeks the patient showed progres- 
sive improvement from his post-ictal hypoxic state to his 
usual state of health. He was mentally alert and active, lim- 
ited only by his muscle weakness and vision problems. 
When he was discharged from the hospital after 4 weeks he 





Strips not continuous 

FIGURE 2. Chaotic ventricular tachycardia that later converts to 
sinus rhythm with 2:1 A-V block (bottom strip). Arrowheads indicate 
P waves that are not conducted. 
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FIGURE 3. Sinus rhythm with 2:1 A-V block, left axis deviation and 
intraventricular conduction defect. An ectopic ventricular beat is 
present in lead V4. Arrowheads as in Figure 2. 
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FIGURE 4. Sinus rhythm with variable degrees of conduction defect 
in the left bundle branch system, basically with two beats demon- 
strating complete left bundle branch block and the next beat demon- 
strating a lesser degree of conduction abnormality in the left bundle 
system. This is the basic pattern except in lead Vg where a 2:1 type 
pattern is present, This was not a critical rate phenomenon. 


was receiving no antiarrhythmic drugs and had a function- 
ing permanent transvenous demand pacemaker. 

Follow-up: When he was seen later as an outpatient, the 
demand pacemaker was functioning appropriately at a rate 
of about 65/min. There was variable block in the left bun- 
dle branch system with 3:1 type block, the QRS axis of two 
of the beats was —60? to —70? with a QRS duration 0.20 
second, whereas the third beat in the cycle had a QRS axis 
of —45? and a duration of 0.16 second. This finding may in- 
dicate different sites of involvement of the left bundle sys- 
tem with one area having a fixed conduction abnormality 
and another a variable conduction abnormality (Fig. 4). 
Later with the pacemaker functioning, some supraventric- 
ular beats were conducted with a very long P-R interval 
and right bundle branch block, indicating conduction ab- 
normalities in both bundles (Fig. 5). 


Discussion 
In our patient, the pacemaker seemed to be life- 
saving. Certainly, there was evidence of cardiomyop- 
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FIGURE 5. Left bundle branch block is Basically present with the de- | 
mand pacemaker controlling the ventricles at times. Arrowheads 
point to captured supraventricular beats that have right bundle 
branch block and first degree A-V block. The continuous strips indi- - 
cate conduction abnormalities in both the left and right bundle sys- - 
tems. i 


athy with cardiomegaly and evidence of conduction 
abnormality in both bundle branches indicating dif- 
fuse disease of the myocardium and specialized con- - 
duction tissue associated with the skeletal muscle 
disease. This case illustrates the important fact that - 
the cardiac manifestations of this disease may pre- 
cede significant skeletal muscle involvement. 


The arrhythmias in our patient were multiple and 
included high degree A-V block, multiform accelerat- 
ed idioventricular rhythm and ventricular tachycar- 
dia. Multiform accelerated idioventricular rhythm 
has recently been defined by Rothfeld and Zucker!! 
and thought to carry a grave prognosis, commonly 
being associated with excess digitalis. Their three pa- 
tients with this rhythm died. In contrast, our patient 
was not receiving digitalis, survived and was returned 
to a reasonable life style, being limited primarily by 
his myotonia dystrophica. The conduction abnormal- | 
ity in the left bundle branch system (Fig. 4) may be a 
manifestation of at least two sites of involvement, 
suggesting diffuse involvement of the conduction sys- 
tem. 

This case demonstrates the advanced conduction 
abnormalities and arrhythmias due to the heart dis- 
ease associated with myotonia dystrophica. The car- . 
diac involvement by this disease can be advanced out 
of proportion to the skeletal muscle involvement. 
Awareness of this possibility can lead to earlier diag- 
nosis and treatment of life-threatening rhythm dis- 
turbances. 
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Coronary Arterial Spasm: Culprit or Bystander? 
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The role of coronary arterial spasm in the production 
of angina pectoris has long been of interest.'-? The 
progress in our understanding of this phenomenon 
seems to follow the typical evolution of the philo- 
sophical process: (1) thesis, (2) antithesis, and (3) 
synthesis. The “thesis” was developed in the 19th 
century and prevailed until the earlier part of the 
20th century. It can best be summarized by a quota- 
tion from Sir William Osler?: *Spasm or narrowing of 
-a coronary artery or even of one branch, may so mod- 
ify the action of a section of the heart that it works 
with disturbed tension, and there are stretching and 
strain sufficient to arouse painful sensations . ... I do 
not know of any better explanation of anginal pain." 
The “antithesis” followed shortly after, in the early 
1950's. The recognition of the association of angina 
with atheromatous narrowing of coronary arteries,‘ 
and later the failure to find coronary spasm with any 
significant frequency in the extensive number of cor- 
onary angiograms performed during the last 2 de- 
cades, focused attention on organic obstruction of the 
coronary arteries as the basic pathophysiologic mech- 
anism underlying angina pectoris. The spasm theory 
was dead. There was doubt that spasm may play any 
role in ischemic heart disease. 

Today we seem to be living in the era of “‘synthe- 
sis." The demonstration of coronary arterial spasm 
during chest pain in Prinzmetal's variant angina’ 
and in cases of withdrawal from long-term industrial 
exposure to nitroglycerin!? resuscitated the interest 
in spasm as a possible etiologic factor in at least a 
subgroup of patients with ischemic heart disease. Al- 

though fixed organic narrowing of the coronary arte- 
ries remains the leading etiologic correlate of angina 
pectoris, a series of questions may be worthwhile con- 
sidering in the light of the new observations: If spasm 
occurring in a normal coronary artery can result in 
anginal chest pain, what can we expect if it occurs in 
a narrowed vessel? Does spasm occur in diseased ves- 
sels? Does it occur in classic angina? If it does, would 
it have any role in the production of the clinical 
symptoms? 
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In classic angina pectoris with demonstrable ob- 
structive atheromatous lesions, the pathophysiology 
of the chest pain is reasonably well understood.!! 
When ischemia occurs during exercise at a time when 
the oxygen demands are increased and cannot be met 
by a commensurate increase in coronary blood flow 
because of coronary arterial obstruction, the logic is 
sound and convincing. However, when ischemia oc- 
curs at rest with no apparent increase in oxygen de- 
mand, an alternate mechanism should be looked for. 
Prinzmetal et al.!? speculated that the attacks of 
myocardial ischemia in their cases of variant angina 
not precipitated by effort or emotion could have been 
the result of "temporary increased tonus of a large 
narrowed coronary artery." Since then, Prinzmetal's 
variant angina has been found in several patients 
with minimal nonobstructive coronary artery disease 
or even normal coronaries,'?-!^? thus supporting the 
speculation that spasm may be necessary to explain 
the ischemia. In addition, several recent reports have 
described angiographic evidence of coronary arterial 
spasm in Prinzmetal’s variant angina.5 In one case 
spasm was seen with the naked eye during opera- 
tion.'4 | 

There is therefore definitive evidence that spasm 
plays a role in the production of ischemic heart dis- 
ease, at least in a small segment of the population 
with such disease. The pathogenesis of chest pain in 
the larger population of patients with classic angina 
pectoris of the type described by Heberden is attrib- 
utable to a fixed atheromatous narrowing of the coro- 
nary arteries and seems to be well understood. How- 
ever, the important question remains whether spasm 
plays any role in the pathogenesis of certain ominous 
events in the life history of these patients, such as the 
unstable phases of angina when chest pains occur at 
rest, myocardial infarction (particularly in the ab- 
sence of demonstrable complete obstruction of the 
corresponding coronary artery), sudden death and 
classic angina (not Prinzmetal's variant) with no evi- 
dence of critical obstructive coronary disease. 

The mechanisms underlying unstable angina re- 
main largely unknown. The pathophysiology of myo- 
cardial infarction is unsettled and there is still con- 
troversy as to whether coronary thrombosis, when 
present, precedes or follows the infarction. Extensive 
research on sudden death, aimed at detecting and 
preventing the lethal arrhythmias, ventricular fibril- 
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lation and asystole, has failed to affect significantly 
the magnitude of the problem. Finally, in the case of 
classic angina with normal coronary arteries, the at- 
tempts to explain the problem. on the basis of small 
vessel disease or an abnormal oxygen dissociation 
curve have not been generally accepted. Extensive re- 
search efforts are being deployed in a variety of di- 
rections to obtain a better understanding of these im- 
portant problems and their management. It is disap- 
pointing, however, that little if any effort is directed 
toward investigation of coronary arterial spasm as a 
possible cause or contributing factor in unstable an- 
gina, myocardial infarction, sudden death and angina 
with angiographically normal coronaries. 

If spasm plays a significant role in atherosclerotic 
coronary artery disease, why isn't it encountered 
more frequently during coronary ‘arteriography? It 
must be remembered that angiographic contrast 
media tend to result in coronary vasodilatation, thus 
minimizing the chances for spasm. In many laborato- 
ries, nitroglycerin is administered routinely before 
coronary arteriography. Angiographers also tend to 
avoid injecting dye into coronary vessels during the 
acute episodes of chest pain, for safety. Further, 
spasm can easily be missed if not looked for and may 
be confused at times with organic atherosclerotic cor- 
onary arterial narrowing. 

Does spasm occur in diseased coronary arteries? 
This question too is not easy to answer. Coronary ar- 
teriography is the only positive way to demonstrate 
effectively the presence of spasm. In the case of dis- 
eased coronary arteries, in addition to all the adverse 
factors against spasm during angiography, the diffi- 
culty of interpreting subtle changes in magnitude of 
narrowings makes detection of spasm less likely. In a 
patient with classic angina who recently underwent 
cardiac catheterization in our laboratory, spasm oc- 
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curred in the vicinity of an atheromatous lesion re- 
sulting in transient total occlusion of the vessel!$; 
this finding suggests that coronary spasm may occur - 
in atheromatous vessels. A similar observation has 
also been made in Prinzmetal’s variant angina." 
More cases will be recognized as coronary angiogra- 
phers become more alert to this possibility.!5:19 

The available observations, and the realistic un- 
derstanding of the factors prevailing during coronary 
angiography, suggest that coronary arterial spasm 
may be more common than generally recognized. It 
thus may play a more significant role in the produc- © 
tion of myocardial ischemia than can be demon- 
strated with our present techniques. | 

The true role of coronary arterial spasm in isch- 
emic heart disease can be determined only through © 
continued research. At the clinical level a high degree © 
of suspicion is necessary when performing coronary . 
angiograms. The use of nitroglycerin at the start of 
the procedure should be avoided. Two sets of coro- - 
nary angiograms before and after administration of 
nitroglycerin should be obtained routinely when ob- . 
structive lesions are seen. At the basic level efforts — 
should be directed toward design of an animal model | 
in which coronary spasm may be produced by phar- - 
macologic or mechanical stimulation. The conse- 
quent hemodynamic and electrocardiographic find- 
ings can then be carefully studied and may be later 
used to study indirectly the possibility of coronary 
arterial spasm in man. Elucidating the role of spasm 
in the production of myocardial ischemia will not be 
easy. However, since coronary spasm may explain 
and open new horizons in the study and management 
of unstable angina, myocardial infarction, sudden 
death and angina with apparently normal coronaries, 
more research effort directed toward this problem is 
warranted. 
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The remarkable aspects of Prinzmetal's variant angi- 
na are its dramatic clinical presentation with marked 
electrocardiographic changes,^? its serious progno- 
sis,'-* the controversies and difficulties in its medical 
and surgical management®°-’ and its unknown 
pathogenesis,*-!* presumed to be different from that 
of classic angina pectoris. 

The hemodynamic changes during episodes of pain 
in patients with Prinzmetal’s variant angina are simi- 
lar to those occurring during episodes of classic angi- 
na pectoris?14^-7 and are mainly a reflection of im- 
paired left ventricular performance. But Guazzi et 
al.,!6 and recently Maseri et al.,!? have clearly dem- 
onstrated that, in Prinzmetal's variant angina, in 
contrast to classic angina, there is no increased myo- 
cardial metabolic demand before the episodes of pain 
irrespective of the degree of underlying coronary ath- 
erosclerotic obstruction. Therefore, the repeated epi- 
sodes of localized myocardial ischemia can be due 
only to recurrent reduction of coronary blood supply 
to that myocardial segment. Recurrent coronary arte- 
rial spasm is the most likely mechanism and in recent 
years has been reported in patients with Prinzmetal's 
variant angina.!8-?^ During the last year various 
groups have succeeded in inducing coronary arterial 
spasm in these patients with use of pharmacologic 
agents.!1,25-28 [n this issue of the Journal, Higgins et 
al.?? document spontaneous or pharmacologically (er- 
gonovine tartrate) provoked spasm in five of eight 
patients with Prinzmetal's angina and no significant 
coronary stenosis on arteriography. 

'The chain of events once spasm of a coronary ar- 
tery occurs is now easy to understand. The distribu- 
tion of the S- T segment elevation in the electrocardi- 
ogram predicts the area of myocardial ischemia, 
which has been shown to be transiently asynergic in 
left ventriculograms?? or to have no radioisotope up- 
take during the episodes of pain.?? Nitroglycerin rap- 
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idly reverses the coronary arterial spasm and in- 
creases myocardial blood supply,?? thus allowing nor- - 
malization of left ventricular function. 

The main question is: What is the stimulus for the 
occurrence of coronary arterial spasm? Symptomatic 
coronary arterial spasm was suspected to be the 
cause of the nonatheromatous ischemic heart disease 
seen in some munition workers during withdrawal 
from nitroglycerin exposure.?! In one of the five pa- 
tients studied by coronary arteriography, diffuse cor- 
onary spasm (without chest pain) was relieved by ni- 
troglycerin. Proximal coronary arterial spasm has oc- 
casionally been seen during coronary angiography 
and is thought to be a result of mechanical stimula- 
tion by the catheter.2?-39 Serious complications of 
this type of spasm are rare.*4 

Ergonovine maleate induced coronary arterial 
spasm in seven of eight patients with Prinzmetal’s 
variant angina but in none of 42 patients with other 
diagnoses.” The spasm reappeared in the same loca- 
tion with repeated injections. Higgins et al.?9 also 
provoked spasm at the site of a minor coronary ste- 
nosis in three cases. 

Yasue et al?" and Endo et al.!1:28 were able to in- 
duce coronary arterial spasm in some patients with 
Prinzmetal's variant angina by administering metha- 
choline or epinephrine. These workers assume that 
the autonomic nervous system plays a major role in 
this syndrome. However, MacAlpin et al failed to 
evoke coronary spasm with pharmacologic agents in 
their patients. We observed spontaneous coronary ar- 
terial spasm after the use of atropine in three of three 
patients with Prinzmetal's variant angina, whereas 
Yasue et al.!!36 used atropine to suppress such 
spasm. Since there is no assurance that the pharma- 
cologically induced spasm has any similarity to spon- 
taneous spasm and since the risks of coronary arteri- 
ography are greatly increased by the use of provoca- 
tive drugs without any obvious benefit to the pa- 
tient’s management, we strongly advise against rou- 
tine use of such drugs. 

An increasing number of cases of spasm in a coro- 
nary arterial segment far from the catheter tip have 
been reported in patients with Prinzmetal's variant 


angina.!?-?^?? Higgins et al? document three such 
cases. The spasm has been thought to be spontane- 
ous, reproducing the symptoms or electrocardio- 
graphic changes, or both, that these patients experi- 
ence. MacAlpin et al. described a patient with a 4 
cm long spasm of the right coronary artery seen at 
surgery. Oliva et al.?! demonstrated spasm of differ- 
ent degrees and affecting different segments of the 
right coronary artery, including the distal branches. 
One of our patients with Prinzmetal's variant angina 
with recurrent electrocardiographic changes of inferi- 
or myocardial ischemia had progressive coronary 
spasm of the main segment and also of the distal 
branches of the right coronary artery during angiog- 
raphy (Fig. 1). The variable site and extent of the 
spasm in this case as in the case of Oliva et al. could 
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explain the generally unsatisfactory surgical results 
in these patients.®’ 

Therapeutic implications: Surgical techniques of 
coronary bypass graft insertion, including a more ex- 
tensive denervation of the coronary artery known to 
have spasm, have been proposed??? in an attempt to 
prevent the increase in coronary arterial tone that oc- 
curs at rest and sleep and that may predispose to 
spasm. We postulate that the diagnosis of Prinzmet- 
al’s variant angina includes several conditions with 
the same clinical presentation. In some patients the 
coronary arterial spasm may affect several areas of a 
given vessel and may vary in site and extent during 








FIGURE 1. Right coronary angiograms. A, note the 20 percent ob- 
structive lesion in the middle third (arrow). B, repeat angiogram a 
few minutes later showing multiple areas of severe arterial spasm 
(arrows). 


FIGURE 2. Left coronary arteriograms. A, note the 75 percent ob- 
structive lesion in the left anterior descending coronary artery 
(arrow). B, repeat arteriogram a few minutes later showing a subto- 
tal obstructive lesion (due to spasm) in the same segment (arrow). 
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each attack (Fig. 1). The spasm or spasms in these 
patients would be independent of the degree of coro- 
nary atherosclerotic obstruction. Aortocoronary by- 
pass would not relieve pain in these patients, and 
they should be treated medically, specifically with ni- 
trates. Other patients may have a fixed coronary ar- 
terial atherosclerotic obstruction with recurrent su- 
perimposed localized spasm (Fig. 2). Some in this 
group may appear to have unstable angina complicat- 
ing a history of classic angina pectoris,!??? but others 
have all the characteristics of Prinzmetal's variant 
angina. The condition of these patients would im- 
prove with a coronary bypass graft, and the excellent 
surgical outcome in 13 of 15 patients with Prinzmet- 


al’s variant angina reported by Shubrooks et al.38 and 
in 3 of 6 patients reported by Higgins et al.?? could 
thus be explained. However, even in this group, sur- 
gical results may be mixed or unpredictable depend- 
ing on the presence or absence of coronary spasm 
after bypass. It is difficult to recognize which pa- 
tients will have variable or localized coronary arterial 
spasm, and further knowledge regarding the action of 
pharmacologic agents in coronary spasm could lead- 
to an important diagnostic method. Now that the 
pathogenesis of Prinzmetal’s variant angina is be- 
coming clearer, the clinical definition of these groups, 
as attempted by Higgins et al.,?? should be the next 
goal in therapy of this syndrome, 
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Introduction and Charge to the Conference 


| WALTER H. ABELMANN, MD, FACC 


— Boston, Massachusetts 
Conference Cochairman 


In 1940, less than 40 years ago, cardiology as a spe- 
_cialty did not exist. Electrocardiography, roentgenog- 
— raphy and orthoradiography were the main diagnostic 
- aids of the few cardiologists there were. The arts of an- 
 amnesis, inspection, palpation and auscultation— 
- changed little over the years—were very much part of 
- internal medicine, as was treatment of heart disease. 
'Two developments of World War II initiated the rise 
— of modern cardiology. One of these, cardiac catheter- 
ization,! devised as a research technique for the study 
of shock, led to the creation of precise techniques for 
— anatomic and physiologic assessment of the circulation. 
The other was the development of heart surgery,” ini- 
- tially in the therapy of traumatic cardiac lesions, then 
. in the palliation of valvular heart disease and the de- 
- finitive therapy of congenital defects. These develop- 

-ments and their extensions lifted cardiology from the 
-= realms of both the interested academician and the 
practicing internist, creating the need for highly trained 
specialists. 

Another major impetus toward the development of 
cardiology as a highly differentiated specialty was the 
introduction in the early 1960's of the concepts of cor- 
onary care,?4 resulting in sequestration of the acutely 
-ill cardiac patient in distinct areas of most hospitals, 

where progressively specialized care was to be delivered 
by a team in which the nurse specialist or coronary care 
nurse played an increasingly important role. Whereas 
initially special skills emphasized electrocardiographic 
interpretation and resuscitation techniques, hemody- 
namics and clinical pharmacology became increasingly 
important, bringing many of the skills of the cardiac 
catheterization laboratory to the bedside. 


In the meantime, a renaissance of noninvasive diag- 
nostic techniques, starting with vectorcardiography, 


‘going om to phonocardiography and especially mea- 


surement of systolic time intervals, and finally echo- 
cardiography, strengthened the diagnostic armamen- 
tarium of the cardiologist practicing in the community 
as much as that of the hospital-based cardiologist. 

All this has happened in 35 years. How are we to 
predict the future? Surely the trend to increased spe- 
cialization will continue. At the same time, much that 
is cardiology today will pass to internal medicine or 
family or general practice, and paramedical profes- 
sionals will play a greater role. Has a steady state been 
reached, so that physician manpower requirements of 
future diagnostic and therapeutic advances will be 
balanced by the takeover of responsibilities by gener- 
alists and paramedical professionals, or will the past 
trend to progressively increasing manpower require- 
ments eontinue at the same or a more rapid rate? One 
of the challenges of this Conference is to find approxi- 
mate answers to questions such as these or at least to 
suggest mechanisms for continuous monitoring of future 
developments and their manpower needs. 

What are some of the directions in which the diag- 
nosis, treatment and prevention of cardiovascular 
disease are likely to develop?” In common with gen- 
eral medicine and other specialties, cardiology may 
expect increased use of the team approach, collabora- 
tion among different health professionals and delega- 
tion to others of roles now assumed largely by the phy- 
sician, all facilitated by the development and stan- 
dardization of protocols and decision trees. This will 
expand the role of the cardiologist as an educator not 


only of cardiologists but also of generalists and other 
health professionals. Furthermore, the cardiologist will 
have to assume responsibility for the continuing edu- 
cation of these health professionals and for quality 
control of their work. 

Access of inhabitants of rural and remote areas to 
tertiary levels of care will be benefited by increasing 
avallability of specialized means of transportation. 
Telecommunications utilizing radio, television, com- 
munication satellites and videophones will be put into 
service to these ends, also benefiting the ghetto dweller 
as well as residents of nursing homes, who are expected 
to increase progressively in number as our population 
ages. Storage and retrieval of scientific and clinical 
knowledge and information, as well as health data 
concerning individual patients, including electrocar- 
diograms, X-ray films, scintiscans, angiograms, and 
other graphic data, will be facilitated by increasing 
availability of computer technology and computerized 
registries. T'his approach will be especially useful in the 
surveillance and follow-up of the increasing number of 
persons with implanted pacemakers or artificial valves 
or blood vessels. 

Noninvasive diagnostic procedures are likely to be- 
come more numerous and complex as use of radionu- 
clide imaging increases. Both diagnosis and therapy are 
likely to benefit from wider monitoring of heart rate, the 
electrocardiogram and blood pressure, not only while 
the patient is in the hospital but while he is at work and 
play; microprocessing of data generated in this manner 
may permit feedback control of pharmacotherapy. 

Development and operation of such techniques — 
and others not yet conceived— will create opportunities 
and demands not only for research and for new types of 
health professionals, but also for premedical, medical 
and postgraduate education in which the quantitative 
sciences such as mathematics, physics and engineering 
will play an increasing role.? 

Prevention of cardiovascular disease, both primary 
and secondary, will receive progressively greater at- 
tention. The concept of risk factors will be extended to 
diseases other than atherosclerosis. Early detection will 

be stressed. We may also expect increasing appreciation 
of the relation of life styles to morbidity and mortality 
from cardiovascular disease, and there will be greater 
interest in health education and in effecting modifica- 
tion of behavior. These developments will create the 
need for yet another set of new health professionals and 
for education of the cardiologist in epidemiology and the 
behavioral sciences. 

Cardiovascular rehabilitation will increasingly be 
included in the cardiologist's prescription, creating a 
need for specialists in work and exercise physiology and 
in rehabilitation, and for collaboration with engineers, 
architects and town planners. 

_ Progress in many of these areas will be a function of 

public policy, requiring major choices and allocations 
of resources.!? These decisions should be made jointly 
by consumers and providers, with input from all persons 
with special knowledge or concern. It would seem to be 
the responsibility of the cardiologist to acquire the 
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necessary basic knowledge and skill to permit informed. 


A 


judgment, and to assure that policy decisions take all- 


the facts into consideration and that controlled trials 
are devised early in the development of promising new 
directions. 


We must be prepared to abandon some of today's. 


diagnostic and therapeutic measures in favor of new 
ones. But we must insist upon scientific evidence, so 


that the denominator in the cost/benefit ratio will be as - 


rigorously expressed as possible. To this end, the sci- 
entific method must be applied to the evaluation of all 
present and future diagnostic, therapeutic and pre- 


ventive measures. To be able to do this we must have > 


professionals knowledgeable in cardiologic medicine as 
well as in science, working with interdisciplinary teams, 


with appropriate financial and institutional support to 


assure continuity and success. Both government and the 


universities have a major role to play in the educational 


support of cardiologists to these ends. 


As the increasingly specialized newer diagnostic and — 
therapeutic approaches to heart disease evolved in the - 
United States it was accepted that the benefits of these 
advances would be available to those who could afford | 


them, had the foresight and financial ability to provide 
for medical care through insurance, and were knowl- 
edgeable enough to seek them. Then, in the 1960's, with 
the development of the concept of the Great Society, 
leading to the Heart Disease, Cancer, and Stroke Pro- 


gram (Public Law 89-239 of 1965), there came the intent 


of making modern health care available to everyone. 
Most recently, the National Health Planning, Resource 


and Development Act of 1974 (Public Law 93-641) 
clearly designated comprehensive health care as a right. 


of all citizens. We are all aware that the poor, the black, 
the ghetto dwellers, the rural population and the in- 
habitants of remote regions have not had equal access 
to health care. The National Heart, Blood Vessel, Lung 
and Blood Program Act of 1972 (Public Law 92-423) set 
even higher goals, pointing out that “elimination of 


heart and blood vessel diseases as significant causes of 


disability and death would increase the average Amer- 
ican's life expectancy by about 11 years." 

Aims of the Conference: If these concepts are to 
prevail, the road is open to planning of manpower and 
facilities for cardiology, and this Conference not only 
is justified but also becomes a necessity. Although na- 


tionalization of the health care system is favored by 
some, this is unlikely during the remainder of this cen- 


tury. On the other hand, legislation and government 
regulations may increase to a point where the difference 
may be difficult to define. It is a serious responsibility 
of the private sector to participate and provide leader- 
ship in defining health goals and the necessary processes 
of reaching these goals, if we are to preserve the tradi- 
tional pluralistic nature of our system of health care 
delivery.!! This Conference may be taken as a major 


step in this direction. It is cosponsored by the American 


College of Cardiology and the Health Resources Ad- 
ministration of the Department of Health, Education, 
and Welfare. Fifteen other private and government 
organizations are represented; the participants are from 


25 states, the District of Columbia and Canada, and 
they represent many different disciplines and walks of 
life. 

The aim of the Conference is to review the results of 
the recently completed evaluation of cardiology training 
and manpower requirements,!? to discuss the validity 
and adequacy of the techniques used for determining 
cardiology manpower supply and estimating future 
requirements, the geographic distribution of cardiolo- 
gists, and the applicability of the study as a model for 
other manpower studies. The six task forces of the 
Conference will also consider the broad implications of 
the cardiology training and manpower study, relate it 
to other data and projections, and recommend future 


research, analyses, planning and action. 

Although in the aggregate these task forces will cover 
most aspects of cardiology manpower, there are areas 
specifically not covered. Among these are pediatric 
cardiology, covered by earlier studies,!? cardiovascular 
surgery, included in the Study on Surgical Services for 
the United States still in progress, and the contribution 
of foreign graduates. 

Among its recommendations, this Conference should 
consider the desirability of ongoing reevaluation of some 
of the topics, perhaps by a standing interdisciplinary, 
interinstitutional working group, and should define the 
data base that would have to be maintained and 
updated to render such activity worthwhile. 
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Methodology of the Cardiology Manpower Study 


STEPHEN ABRAHAMSON, PhD 


Los Angeles, California 


This presentation will review the objectives of the car- 
diology manpower project and of the four studies that 
were completed between July 1971 and June 1973. In 
addition, it will review some of the problems encoun- 
tered during these studies. 

Objective of manpower study: The project had four 
major objectives that became the source of methodology 
selected for the studies. The first objective was to define 
the (then) current professional roles of the cardiologist. 
Please note my use of the plural form of role. At that 
stage of our planning, we had already hypothesized that 
cardiologists played more than one role in providing 
health care. And, with regard to this study objective we 
wanted to find out what cardiologists really did with 
their professional time. 

The second objective was to determine the aims of 
training programs in cardiology. We intended to survey 
those providing training to determine what their pro- 
grams were trying to achieve. We also intended to study 
the relation between what cardiologists did and what 
the training programs were trying to achieve. 

The third objective was to determine the current and 
future manpower needs of cardiologists. In this instance, 
we recognized that a prior question (or questions) 
needed to be answered. Determining current and future 
needs requires making a set of assumptions— "needs" 
according to whom or based upon what? Obviously, 
determination of manpower needs always demands 
assumptions concerning outcomes of health practices 
or cost/effectiveness ratios. 

The final objective was to determine the current and 
future educational needs of cardiologists. Again, 
achievement of this study objective demanded a set of 
assumptions: “needs” according to whom and based 
upon what? 


First study—cardiologists’ screening question: 
naire: In an effort to meet these four study objectives 
we conducted four studies. The first involved : 
screening questionnaire that was sent to all of the 12,17 
physicians who identified themselves as cardiologists 
We settled upon that definition of a cardiologist in ar 
effort to ensure that no physician who could possibly b« 
identified as a cardiologist would be omitted. Originally 
it has been the intent of the investigators to include ir 
the population of cardiologists (1) physicians wh« 
identified themselves as specializing in cardiovasculai 
disease in the directory of the American Medical As 
sociation, (2) physicians certified in cardiology, (3 
physicians (other than surgeons, radiologists, and the 
like) who were members of the American College o 
Cardiology, and (4) Fellows of the Council of Clinica 
Cardiology of the American Heart Association. Early 
discussions led to the expansion of that eligibility lis 
to include those whose secondary area of specializatior 
(according to the directory of the American Medica 
Association) was cardiology. Thus, the population wa: 
more than 12,000 even though it had originally bee 
anticipated that we might have only 4,000 or 5,000 in tht 
study population. 

Of the more than 12,000 physicians who were sent thi 
screening questionnaire, 77 percent responded wit} 
usable returns. These returns gave the investigators thx 
information from which later decisions were madi 
concerning sampling for the more detailed informatior 
desired. Basically, demographic data were obtainec 
through the use of this questionnaire. ; 

Second study—log-diary: The second of the studie: 
involved the use of a log-diary in which cardiologist: 
were asked to record, almost minute by minute, exactly 
what they did during the course of 5 consecutive days 





The days on which they recorded the information were 
selected by the investigators. 

A stratified random sample of cardiologists was 
chosen to receive and record in the log-diary forms. The 
sample consisted of 656 cardiologists, stratified on the 
basis of two variables: (1) whether they were “primary” 
or "secondary" cardiologists, and (2) whether their 
practices were “institutional” or *noninstitutional"; that 
is, those cardiologists who said they spent more than 50 
percent of their time treating patients with cardiac 
disease or cardiac problems were considered “primary” 
cardiologists, whereas those who spent less than 50 
percent of their time in these activities were considered 
"secondary." Furthermore, those cardiologists whose 
practice was in an institutional setting were considered 
to be different from those in a noninstitutional setting. 
Of the 656 cardiologists who were asked to record in 
log-diary forms, 364 (55 percent) returned usable forms. 
There were more returns, but only 364 were considered 
complete. Thus, all of the data reported from log-diaries 
are based upon 364 returns. 

— Some questions had been raised concerning the va- 
lidity of the log-diary. That is, the accuracy of physician 
self-reporting practices has been questioned. In our 
study, we made the assumption that these diary re- 
cordings were valid. This assumption was based upon 
the experience in a prior investigation of pediatric car- 
diologists conducted by the University of Southern 
California's Division of Research in Medical Education. 
In that study, a log-diary form was employed, and time 
distributions were derived for pediatric cardiologists, 
again asking how pediatric cardiologists spent their 
professional time? In that study, we also used direct 
observations of a stratified random sample of pediatric 
cardiologists. Time distributions were again obtained, 
and when these were compared with the distributions 
derived from the log-diary recordings, there were no 
differences, statistically significant or otherwise. The 
aggregate statistics describing their daily acitvities were 
virtually identical for those who had been observed and 
those who had returned diaries. Thus, we made the as- 
sumption of validity of the log-diary approach, although 
Ido not think it untoward to challenge that assumption. 


Third study—cardiology training programs: The 
third of the studies involved a questionnaire completed 
by those responsible for cardiology training programs. 
And, at the outset of this study, an almost unsolvable 
problem occurred: identification of the training pro- 
grams. We are all familiar with the problems of ob- 
taining information from questionnaires, but one 
problem that is seldom mentioned is that of identifying 
the study population! 

For purposes of this study, our initial approach was 
to the 534 internal medicine residency programs. In 
these, we found 329 programs that had 1 year or more 
of training in cardiology. These 329 programs then be- 
came the population of training programs studied. From 
these, we received 190 (66 percent) responses to our 
questionnaire. All nonrespondents were contacted on 
the telephone, so that we were able to obtain at least 
minimal information even from them. 


Fourth study— previous cardiology training: The 
final study also involved the use of a questionnaire, this 
one mailed to cardiologists, asking them about their 
former training. The same stratification was used in the 
sampling procedure (that is, primary versus secondary 
and institutional versus noninstitutional). In addition 
the population was also stratified according to age: those 
40 years and older versus those less than 40 years of age. 
Naturally, this required a larger sample size to permit 
generalization back to the population. In this study, 
2.619 received the questionnaire and 73 percent re- 
sponded although only 1,509 questionnaires were con- 
sidered complete and therefore usable. Thus, the final 
response rate was 57 percent. 


Projection of manpower needs: When all of the 
data had been collected and were being analyzed, the 
Advisory Committee generated a set of assumptions for 
purposes of projecting manpower needs. The basic as- 
sumption was that of a population-cardiologists ratio; 
that is, the Advisory Committee determined what they 
thought would be an “adequate” or “satisfactory” or 
“optimal” ratio of population to cardiologists and then 
compared our data with the set of assumptions. All 
projections were based upon those assumptions. 


Results of the Cardiology Manpower Study 


FORREST H. ADAMS, MD, FACC 


— Los Angeles, California 
Conference Cochairman 


In April 1971 the American College of Cardiology sought 
and obtained a contract with the National Heart and 
Lung Institute to conduct a study with the following 
specific purposes: to define the current professional role 
of the cardiologist; to determine the objectives of 
training programs in cardiology; to determine the cur- 
rent and future manpower needs of cardiologists; and 
to determine the current and future educational needs 
of cardiologists. To provide the study with a broad base 
of expertise and orientation, it was deemed advisable 
to establish an Advisory Committee under my chair- 
manship consisting of persons representing the major 
professional groups interested in cardiology. Accord- 
ingly, the following organizations agreed to be repre- 
sented by the persons listed after each: 


American College of Cardiology 
H. J. C. Swan 
American Heart Association 
W. H. Pritchard 
American College of Chest Physicians 
A. Soffer, R. W. Gifford 
Association of University Cardiologists 
W. P. Harvey, W. H. Abelmann 
Board in Cardiovascular Diseases 
N. O. Fowler 


Because the Division of Research in Medical Edu- 
cation of the University of Southern California had been 
so successful in assisting the pediatric cardiologists in 
an earlier study to obtain answers to their questions, ? 
the Advisory Committee invited them to assist in the 
study of specialists in adult cardiology.? 

The research methodology used in this investigation 
was comprehensive and included four different data 
collection procedures: 


1. An initial classification questionnaire. This provided 
. the baseline data regarding practice characteristics against 
which information gathered later could be compared and from 
which final decisions about sampling design for other studies 
could be made. The questionnaire was sent to 12,175 persons, 
and the response rate was 77 percent. 


2. A log-diary of activities. This was used to obtain detailea. 
information about cardiologists’ professional activities. We 
believe that it was the most useful of the study instruments 
employed in the study of cardiologists. The diary form was 
sent to a stratified random sample of 656 cardiologists, and 
the response rate was 63 percent. 

3. A training experience questionnaire. Cardiologiste® 
training experiences and needs were obtained through a de- 
tailed questionnaire sent to a stratified random sample of 
2,619 cardiologists, and the response rate was 76 percent. 

4. Training programs questionnaire. This was sent out to 
534 heads of departments of medicine with approved resi- 
dencies in internal medicine. Institutions providing cardio- 
vascular training of at least 1 year's duration were asked to 
respond. The cardiovascular training program directors were 
asked to describe program content, objectives, capabilities and 
staffing. In this manner, 329 cardiology training programs. 
were identified, arid of these 190 programs, or 58 percent, re- 
turned the survey instrument. Nonresponding institutions. 
were contacted by telephone. 


The design of the stratified samples and the high NC 
of returns of questionnaires justify extension of the re- 
sults obtained to the total population of canteen 
and training programs. 


Findings of Study 


Present cardiology manpower: 'There were 10 691 
self-designated cardiologists* in active practice in the. 
United States and approximately 1,000 in training in 
December 1971. This gave a ratio of 5.6 cardiologists/ 
100,000 population. Whether this is an optimal ratio to 
be maintained in the future cannot be stated. The 
numbers seemed to be distributed about equally be- 
tween the primary cardiologist, one who estimates that. 
he spends 50 percent or more of his professional time 
in care for patients with cardiac problems, and the 
secondary cardiologist, one who spends less than 50- 


* During the proceedings of this Conference, a cardiologist was more | 
strictly defined to include only the academic cardiologist and the cardiac - 
specialist consultant who spends at least 75 percent of his time in 
ipee 
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cardiac problems. Approximately 70 percent of the 
cardiologists were based in offices, not in institutions. 
About 50 percent of all cardiologists were certified in 
internal medicine, and only 10 percent were certified in 
cardiovascular diseases. 

— Per population density, cardiologists were irregularly 
distributed, tending to concentrate in the metropolitan 
centers of the Northeast, Middle Atlantic and Pacific 
regions. These areas contain the large cities having the 
heaviest concentration of medical schools. The East 
South Central, West South Central and West North 
Central regions contained significantly fewer numbers 
of cardiologists/100,000 population. 

- On the basis of a cardiologist to population ratio of 
6/100, 000, it was projected that approximately 4,600 
more cardiologists were needed in the next 5 years. The 
problem of maldistribution and some other factors al- 
tering the projected needs was not reflected in this 
Hee COR. 

Activities of cardiologists: The majority of cardi- 
Pishiciats spent most of their time (81.4 percent) in pa- 
tient care, with 50 percent devoted to cardiac patient 
care. In the case of the primary cardiologist, this was 65 
‘percent, and of the secondary cardiologist, 33 percent. 
Only 9.3 percent of cardiologists’ time was devoted to 

cardiovascular teaching, and only 6.2 percent to car- 
diovascular research. 
-. These data were derived from the questionnaire sent 
'to all cardiologists. Later comparison of the initial 
classification questionnaire with the log-diary data re- 
vealed a consistent tendency for the cardiologist to 
"overestimate the time devoted to activities of prominent 
- importance to him, and to underestimate the time de- 
voted to activities considered of minor importance. 
"Thus, research-oriented cardiologists estimated re- 
| search activity at 26 percent, compared with a diary- 
recorded 18 percent. The institutionally based cardi- 
- ologist overestimated the time devoted to teaching with 
patients, 24 percent versus 13 percent for the primary 
cardiologist. All groups underestimated the time de- 
| voted to administrative activities by close to 100 per- 
i cent. 
The log-diary analysis revealed an average working 
E day of 10 hours. Cardiologists averaged between 6 and 
^ 12 minutes per patient in both office and hospital en- 
. counters. Only rarely did physician-patient contact 


| exceed 60 minutes in either a hospital or office setting. 


Hospital patient encounters were primarily ac- 
; M iatea for by coronary disease, hypertension and heart 
$ - failure. Rheumatic heart disease accounted for only 5 
_ percent of encounters, congenital heart disease 1.5 
K ekóeht and cardiomyopathy 1.4 percent. Office en- 
counters differed primarily by a greater frequency of 
hypertension and smaller incidence of acute myocardial 
infarction and severe heart failure. 
— Profiles of cardiologists: Four general profiles of 
: cardiologists were identified on the basis of types of 
activity: primary noninstitutional, secondary noninst- 
itutional, primary institutional and secondary institu- 
tional. Certain activities overlap from one category to 
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another, but the general activities appeared to differ to 
a degree sufficient to justify separation. These four di- 
visions of cardiologists described by the survey were 
identified by more appropriate terms, such as clinical 
cardiologists, internist-cardiologists, cardiac specialists 
and academic cardiologists. 

The clinical cardiologist performs many of the 
functions of the internist-cardiologist, but applies more 
of his time to special cardiovascular problems. Although 
primarily office-based, he has substantive hospital re- 
sponsibilities. He usually works alone or in a small group 
practice, but he may be in a salaried institutional set- 
ting. He acts as cardiovascular consultant in one or more 
community hospitals where he participates as an in- 
terpreter of electrocardiograms or as chief of the heart 
station. He participates in a coronary care unit and may 
chair the coronary care committee of his hospital. He 
has teaching responsibilities at all levels, may be asso- 
ciated with a teaching hospital, and may hold clinical 
faculty rank at a medical school. He is usually board- 
certified in internal medicine. He may participate in 
catheterization teams and may use the newer nonin- 
vasive diagnostic techniques. 

The internist-cardiologist usually practices alone or 
in association with a small group. He sees a wide variety 
of cardiovascular problems, as either a primary care or 
referral physician in his community. He may be in the 
older age bracket. He takes and records his own elec- 
trocardiograms and may serve his community hospital 
as interpreter of records. He may call upon other cardiac 
specialists for complex diagnostic and therapeutic 
procedures. He may be involved in teaching students, 
house officers and nurses. He is board-eligible or 
board-certified in internal medicine. 

The cardiac specialist is generally younger and a 
product of more formal training programs than physi- 
cians in the preceding categories. He is usually certified 
in internal medicine and in cardiovascular disease. 
Much of his time is devoted to procedures requiring 
special skill or expertise, such as cardiac catheterization, 
coronary angiography and modern noninvasive tech- 
niques. He frequently sees patients with cardiovascular 
disease in consultation and may provide primary care 
to a small group of patients. He has greater knowledge 
and competence than the clinical or internist-cardiol- 
ogist in specialized cardiovascular areas such as hy- 
pertension, valvular heart disease, cardiac arrhythmias, 
myocardial infarction, congenital heart disease and 
selection of patients for cardiac surgery. He may be chief 
of a heart station, director of an invasive or noninvasive 
laboratory, or director of a coronary care unit. Although 
competent to conduct clinical investigation, his skills 
and motivation in this area are usually limited. He is 
engaged in investigations related to disease states of 
patients under his care and may contribute to the 
medical literature with descriptions of unusual car- 
diovascular disease. He is actively involved in the > 
teaching of students, house officers and nurses. He is 
usually institutionally based and salaried. 

The academic cardiologist is not definable within a 
single profile but may devote his time to several cate- 
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gories of activity. His responsibilities are usually divided 
between teaching in a clinical setting, research in a 
clinical or basic setting, administration and clinical care. 
He is usually certified in internal medicine and fre- 
quently in cardiovascular diseases. His training has 
involved cardiac catheterization as well as electrocar- 
diography and clinical cardiology. He has usually de- 
voted 1 to 2 years to cardiovascular research, frequently 
in the basic sciences. He is institutionally based and 
usually institutionally compensated. 

The first two categories, the internist-cardiologist and 
the clinical cardiologist, care for 80 percent of patients 
with cardiovascular problems seen by cardiologists. 
Noninstitutional cardiologists are responsible for more 
than 95 percent of office patient encounters and 85 
percent of hospital patient encounters. However, this 
patient population accounts for an unknown and 
probably small portion of all patients with cardiovas- 
cular disease. 

Training programs in cardiology: From the 
training programs questionnaire, it was determined that 
there were 329 programs in the United States that of- 
fered at least 1 year of organized training in cardiology 
with an associated approved internal medicine training 
program. These programs were most numerous in areas 
of high population density and had an average of four 
trainees per program. Approximately 711 trainees 
completed their training in 1972 and 791 trainees in 
1973. 

An analysis of the relation of geographic location of 
practice to location of training received revealed that 
cardiologists tended to practice in areas close to where 
they were trained. This finding may have implications 
for rectifying geographic inequities in distribution of 
manpower. 

Content of training programs: The average num- 
ber of hours required or provided in certain categories 
in 2 year programs revealed a dominance of training in 
patient care, cardiac catheterization and angiography. 
However, there were considerable differences among 
programs, and this was especially evident for cardiac 
catheterization and echocardiography. Training facil- 
ities in the United States have expanded over the past 
decade, and, in light of training directors’ estimates, 
could continue to do so. Directors estimate that it will 
be possible to accept 58 percent more trainees during 
the next 5 years; to achieve this would require increased 
funding. 

A shortage of staff existed in many training programs. 
Twenty-nine percent of programs had an average of two 
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staff positions budgeted but unfilled, giving a total of 
approximately 150 to 180 unfilled staff positions. If the 
training programs were expanded over a 5 year period 
to increase the number of trainees by 58 percent, this 
would require an increase of approximately 800 to 850° 
new staff members. t 

The Advisory Committee recommends that the 
present system for training cardiologists in the United. 
States should be continued, taking into account par- 
ticularly the recommendations of the Subspecialty 
Board in Cardiovascular Disease. Federal support for. 
training of certain groups of cardiologists, particularly 
the academic cardiologists, should be continued at a rate 
commensurate with changes in population and related 
demands for trained cardiologists. The cardiology 
training needs of internists and generalists should be 
continually evaluated, and their training within pro- 
grams of internal medicine modified accordingly. Pro- 
grams need differentiation according to which of the 
four types of cardiologist is being trained with the 
numbers trained adjusted to the needs of geographic. 
areas. This implies a level of program planning that is 
not currently practiced but is required if the minimal 
ratios of cardiologists to population are to be realized. 

Finally, it was determined from the training programs. 
questionnaire to cardiologists that the continuing ed- 
ucation needs of the cardiologist are varied and diverse. 
They appear to be influenced by the type and content 
of his original training and his role and age, the role of 
certification in a national health care system, regional 
considerations, advances in medical technology, and. 
stable funding. 


Summary 


The study provides for the first time data that furnish 
an estimate of present and future manpower needs for 
cardiologists in the fields of patient care, teaching and 
research within the United States. The data collected 
describe the current practice of cardiology and identify 
deficiencies in existing training programs. Further, they 
project the future activities of the cardiologist and thus 
will aid in planning training experiences for them. The 
data collected should be of value to persons and insti- 
tutions—hospitals, universities, governmental agencies, 
and voluntary health agencies—that are concerned with 
providing administrative, financial and educational 
support for training programs in cardiology, and that 
require cardiologists for patient care, teaching and re- 
search activities. 
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The Federal Role in Health Manpower: A New Proposal 


/ 


JAMES F. DICKSON Ill, MD 
Washington, D. C. 


My remarks will be focused on developments in the 
federal health manpower program that clearly will have 
a major impact on every branch and specialty of medi- 
cine, and, I should think, on the ability of the profession 
to define and address manpower needs across the board. 
We have had our differences of opinion within the ex- 
ecutive branch as to how health manpower programs 
ought to be structured. Now, finally, those differences 
have been ironed out, and the administration proposal 
for new health manpower legislation was presented at 
congressional hearings about 3 weeks ago. 

We believe that the changing nature of the health 
manpower problem demands a significant change in 
federal policy and in the way federal funds are used to 
‘support and influence both health training and the ca- 
reer decisions of those who provide health care, espe- 
cially physicians. Our judgment is that federal health 
manpower dollars should be directed to new programs 
that promise to be effective, and that funds should be 
withdrawn from programs that do not seem to be 
moving the nation toward solution of its health man- 
power problems. 

"There is no longer any question of the need for federal 
support of academic health institutions. These insti- 
tutions not only provide trained health manpower, but 
also conduct the bulk of federally financed biomedical 
research, and they deliver a substantial amount of the 
nation's hospital-based patient care, of which 27 percent 
is paid for with federal funds. Likewise, it is clear that 
student assistance must be continued because it can 
offer a workable and equitable approach to correcting 
imbalances in minority representation in the health 
manpower pool and to stimulating the output of specific 
kinds of health manpower that are in short supply. 
These two basic premises form the conceptual basis for 
our legislative proposal, and I should like to discuss each 
of them. 


Federal Support of Academic Institutions 


There is no longer any thought of doing away with 
capitation for schools of medicine, dentistry or osteo- 
pathy. However, we have proposed that capitation be 


made available only to those schools that agree to meet 
critical national objectives. For schools that elect not 
to participate, capitation would be phased out over 3 
years. Given the crucial importance of medical and 
dental schools in determining the type, distribution and 
quality of health care personnel, a stable and continuing 
federal partnership is essential. 

We view capitation support that contains no condi- 
tions as a subsidy to students. However, once mean- 
ingful national priority conditions are attached to 
capitation, such funds can no longer be viewed as simply 
a student subsidy. Medical, osteopathic and dental 
schools will be asked to help solve the geographic and 
primary care problems in exchange for capitation sup- 
port. 

We propose that for those schools participating, the 
new incentive capitation levels be established at 
$1,500/year for each medical, osteopathic and dental 
student. Capitation would be terminated for pharmacy 
and phased out over the next 3 years for veterinary 
medicine, optometry and podiatry. 

To help correct geographic maldistribution, each 
medical and dental school will be asked to set aside an 
annually increasing percentage of its first year places 
for qualified students who voluntarily agree to practice 
in an underserved area. Such a requirement would 
commence at 15 percent in fiscal year 1977, increasing 
to 25 percent in fiscal year 1979. The special admissions 
criteria would be linked to capitation support in order 
to: 


e Yield a system-wide response to a critical health man- 
power problem and the need for a physician draft. 

e Assure that not only the lowest income students provide 
public service. 

e Make schools more aware in the admissions process of the 
national importance of accepting and training persons willing 
to fill gaps in health service. 

e Provide in each school a large enough pool of committed 
students so that the curricular changes necessary for preparing 
students for service in rural and inner city areas would occur. 


Other conditions attached to capitation would be 
linked to increased primary care training. 


All medical schools would be asked to establish an 
administrative training unit in family practice or pri- 
mary care and to have a high proportion, eventually 50 
percent, of their filled affiliated residencies in primary 
care. These conditions were included in recognition of 
the importance of medical school environment on spe- 
cialty choice. By requiring medical schools to have a 
high percentage of their filled affiliated residencies in 
primary care, we will be able to bring about a better 
- balance between the number of residencies in primary 
. and nonprimary care without restructuring all graduate 
medical education or having the federal government 
regulate the size, composition and geographic distri- 
 bution of residency programs—something that I think 
‘is both undesirable and unnecessary. 


Health Manpower Scholarship Program 


Geographic maldistribution of health manpower 
represents one of the greater barriers to access to quality 
health care. Despite increases in the total number of 
health manpower personnel, geographic maldistribution 
has increased in the last 10 years. Without appropriate 
direct federal intervention, this condition, primarily 
affecting rural and inner city areas, is not likely to im- 
prove. Existing scholarship programs might continue 
to handle these problems; however, much more could 
be accomplished through a single broad and conditional 
health manpower scholarship program. 

The broadened program we have proposed would 
serve as a mechanism for handling geographic distri- 
bution, fulfilling various internal health manpower re- 
quirements of the Department of Health, Education, 
and Welfare and would offer the potential, at least, for 
treating problems associated with the maldistribution 
of medical specialties. A conditional scholarship pro- 
gram would also be consistent with the principle that 
the public is ordinarily entitled to public service, or 
service meeting a public need, from persons who receive 
special scholarship assistance while preparing for a 
degree in the health professions. 

We propose to consolidate the existing programs for 
Public Health and National Health Service Corps 
Scholarships and Physician Shortage Area Scholarships 
into one broadened conditional scholarship program. 
Under the program, participants could be assigned to 
a federal health service or other areas of critical need. 
Certain participants could serve in the National Health 
Service Corps; others could serve elsewhere in the De- 
partment of Health, Education, and Welfare, in other 
federal agencies, or in state or local government. All 
participants would have to be involved directly in the 
delivery of health care services, although the broadened 
authority would permit a service obligation to be ful- 
filled by persons practicing as private practitioners. 

Our proposal again recommends that ceilings on 
student loans for graduate education be increased from 
$2,500 to $7,000. Most students should have little dif- 
ficulty in paying back these increased loans. A payback 
provision in lieu of service would be available, but it 
would be designed as a disincentive. Payback would be 
equal to twice the cost of support (minus any time 
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equivalent already fulfilled), plus compound interest 
at prevailing market rates dating back to the first year 
recipients received scholarship funds. Payback could 
be waived by the Secretary of Health, Education, and 
Welfare in the case of death of the recipient or in other 
cases in which payback would be against equity and 
good conscience. 

One additional point about scholarships: There has 
been significant underrepresentation in health profes- 
sions schools of students who are financially or other- 
wise disadvantaged because of socioeconomic factors. 
This has been a major factor in the underrepresentation 
of racial minorities in the health professions. In recent. 
years significant progress has been made. The per- 
centage of minority students in the first year classes of 
medical schools has risen steadily. These students are 
largely from families of low income; 20 percent are from 
families with an income of less than $5,000 and 67 per- 
cent from families with an annual income of less than 
$10,000. Regardless of the gains made through improved 
educational opportunities in the preparation of such 
students for entry into health profession schools, these 
young people remain the most vulnerable in terms of 
educational and economic risks. 

We propose to establish a special preadmission and 
scholarship program for the disadvantaged enrolled in 
postbaccalaureate programs. It would provide up to 2 
years of stipends for students in preadmission programs 
and scholarships for students from disadvantaged 
backgrounds for their entry year in medical or dental 
school. The scholarship would be limited to the entry 
year because, upon successful completion of the Ist year 
in school, students become more willing and able to take 
out loans. 


Special Projects Grants and Contracts 


Targeted special projects grants and contracts pro- 
vide one of the most effective means for carrying out 
specific federal initiatives. In this way, support can be 
directed to specific high priority objectives, and efforts 
can be more effectively traced and evaluated. We be- 
lieve that discretionary funds should be used only to 
stimulate action to achieve national goals not likely to 
be addressed adequately from other sources. Discre- 
tionary funds should not become basic institutional 
support but should provide a short-range stimulus in 
areas such as: 


* Family medicine residencies and training. 

* Primary care residencies and training. 

e Curricular and other improvements at schools of veteri- 
nary medicine, optometry, pharmacy and podiatry. 

* Training of public health professionals. 

e Improvement in the training of allied health profes- 
sionals, especially with respect to training that is crucial to the 
support of primary care practitioners. 

* Training of physician and dentist extenders. 


To ameliorate the effect of geographic aldiekin: 
tion, we would make grants for community-based health 
manpower education programs, medical school-based 
area health education centers and communications 
technology projects establishing data transmission and 





backup consultation links between medical schools and 
remotely based rural physicians. Support would be 
provided for community-based training of students, 
regional systems of continuing education and rotation 
of faculty and programs to upgrade the teaching skills 
of local professionals. 

We would also authorize grants to schools of medicine 
and osteopathy for programs to assist United States 
students now enrolled in foreign medical schools to 
qualify for transfer to United States medical schools 
with advanced standing. To upgrade the skills of foreign 
medical graduates already in this country, we would 
make grants to hospitals to provide foreign medical 
graduate residents with intensive clinical instruction 
through contracts with medical schools and intensive 
instruction in the English language. 

In addition to supporting activities that we know will 

be effective in resolving the distribution problems facing 
us, we need to develop new and improved approaches 
to the education of health professionals. Such invest- 
ments are necessary if we are to develop long-range so- 
lutions to the difficult manpower issues confronting us 
today. We need to develop, demonstrate and evaluate 
new approaches to health manpower education and 
training or substantially improve existing approaches. 
Examples of such activities would include the devel- 
opment of regional training facilities, the “schools 
without walls" concept, methods of reducing costs of 
training, evaluating changes in admission criteria to 
select persons more likely to practice in medically un- 
derserved areas, innovative curricula and various forms 
of interdisciplinary training. 
-= Financial distress grants would continue to be 
available to health professions schools. However, pri- 
ority would be given to schools receiving capitation 
under the proposed law and, in any given year, a school 
could receive no more than 75 percent of the amount 
received in the preceding year. 


Implications of Federal Involvement in Manpower 
Needs 

I have touched briefly on the key elements of the 

proposed manpower legislation, particularly as they 

relate to problems of specialty and geographic maldis- 


tribution. Many other elements of the proposal merit 
attention. But rather than spell them out, I will discuss 
briefly the important implications of federal involve- 
ment in meeting health manpower needs. 

Health manpower is a national resource and, as such, 
it is properly the concern of the public and of govern- 
ment. But health manpower—and specifically physician 
manpower—-is also a profession made up of men and 
women who tend to be somewhat individualistic, who 
have devoted a dozen or more years of their lives to a 
rigorous educational process and who quite properly 
place a high value on the skills they have acquired and 
on their freedom to employ those skills as they think 
best, for their patients and for themselves. | 

Given this somewhat conflicting set of circumstances, 
it is obvious, that government and medicine will often 
be in disagreement about many things—about how best - 
to define and achieve a balance between supply and 
demand, how to assess and improve quality and, ob- 
viously, how government imposes direct or implicit 
regulation on health care and the practice of medicine. 

Government alone does not have the ability to make 
all the proper decisions in a subject as complex, subtle 
and personal as health care. We have made some serious 
mistakes in the past, and we are by no means immune 
to making mistakes in the future. This is one of the 
reasons, by no means the only one, why the exhaustive 
cardiology manpower study under discussion today is 
of such surpassing importance to the profession, the 
federal health enterprise and ultimately to the public. 

The data that have been accumulated and the infer- 
ences and recommendations developed from these data 
are precisely the kind of input that must form the basis 
of any sound manpower strategy for health. One of the 
most encouraging signs is the appearance of this and 
several other similar studies being carried out by the 
health profession itself through its various specialty 
societies. We have made some serious manpower mis- 
takes in the past. But I think the risk of future mistakes 
is sharply reduced simply because so many persons and 
organizations are at last taking an enlightened and re- 
alistic look at the complex problems in the health 
manpower field. And that is an absolutely essential step 
toward solving those problems. 


KEYNOTE ADDRESS 


Manpower for Cardiology: No Easy Answers 


ELI GINZBERG, PhD 


New York, New York 


'This address undertakes six tasks that relate to cardi- 
ology's manpower needs: (1) to clarify key concepts; (2) 
to present critical background material for the current 
debate; (3) to offer lessons from studies of health man- 
power; (4) to identify the special characteristics of car- 
diology; (5) to present a view of future health care de- 
velopments; and (6) to suggest some next steps for 
cardiology. As will become evident, there are no easy 
answers to cardiology's manpower problems. 


Health Manpower Concepts 


There are four health manpower concepts that gen- 
erate confusion. The first is specialization. Confusion 
arises because specialists are largely self-designated, 
because there is a great functional overlap among spe- 
cialists and further overlap between specialists and 
primary practitioners. At present, anyone who calls 
himself a specialist is one. Many of the data used in the 
arguments about the imbalance between primary care 
and specialization are contaminated to the point where 
they are useless. 

Functional overlap means that titles no longer clearly 
describe functions. For instance, orthopedic surgeons 
now belong to departments of orthopedics, indicating 
that surgery is not their exclusive concern. Cardiologists 
practice internal medicine and, in fact, provide general 
care for many elderly people. In short, we use titles to 
describe professionals whose functions are not well 
defined and often overlap. 

Second, the issue of maldistribution has been poorly 
conceptualized. Any economist knows that trained 
manpower is unevenly distributed across the country. 
The problem is not unique to medicine. Accountants, 
lawyers and ministers are unequally distributed. A 
scarce resource can never be evenly distributed, espe- 
cially in a country spanning 3,000 miles, with marked 
regional differences in culture and income. 

Third, the issue of the optimal number of physicians 
is poorly conceptualized. In determining the optimal 


number of cardiologists the key question is what is the 
relation between the number of practitioners and ef- 
fective outcomes for the public? However, we know very 
little about the relation between the incidence of disease 
and the supply of appropriate services. 

My belief is that doctors create their own demand.! 
For that reason I have always been dubious about in- 
creasing the supply because of the inevitable reflected 
increase in demand. Moreover, I am concerned about 
the growth in iatrogenic disease. I find increasing 
numbers of people who become sick because they have 
seen a doctor or been admitted to a hospital; relatively 
few people become sick because they have not seen a 
doctor. No doubt people who neglect an early cancer 
might survive a few years longer if they seek treatment.“ 
In general, however, there are no clear-cut statistics to 
indicate that people who reduce their contacts with 
doctors to a minimum suffer therefrom. 

Fourth, there is great confusion between new gov- 
ernment interventions and effective changes in the 
medical care system. Theories about altering the system 
have little to do with the realities of the situation. As ar 
advisor to the last seven presidents, I believe that 
Washington can exert little real leverage on the healtt 
care system. It has a great capacity for generating 
problems, but relatively little capacity for solving them 


Historical Developments 


In addition to these conceptual difficulties there are 
a number of historical developments that also compli- 
cate any discussion of manpower for cardiology. The 
United States is currently producing doctors at rapidly 
expanding rate. By the late 1970’s the nation will have 
twice the number of trained physicians that it had in the 
late 1960's—a 100 percent increase within a decade. 
Moreover, health care expenditures have been growing 
at an unsustainable rate. In 1950 America spent $1( 
billion on health care; by the end of 1975 that figure wil 
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approximate $125 billion.? Federal expenditures in the 
year before Medicare were $5 billion: this year they will 
be closer to $40 billion. There is no possibility that the 
health care industry can continue to grow at these rates. 
The American public will eventually limit the share of 
their income devoted to health care.4 

Even now there are indications of an oversupply of 
doctors. Orthopedic surgeons are encountering dif- 
ficulties in finding adequate work loads in the State of 
Washington. Residents in New York City hospitals have 
difficulty finding moonlighting assignments. Young 

residents completing training at the major medical 

centers must go greater distances from metropolitan 
centers to establish their practice. Surgeons in Georgia 
are reducing their fees. The number of doctors so far 
affected is small but, in an open system, trends often 
gain momentum slowly. 

These early signs of oversupply indicate a policy di- 
lemma. I personally would prefer a slower increase in 
the supply of doctors in order to increase their pro- 
ductivity and avoid unnecessary treatment. On the 
other hand, a taut supply tends to increase the political 
support for further expansion of supply. 

Much of the current conflict between the medical 

profession and the Congress can be attributed to the 
profession's long history of failure to provide Congress 
with clear, honest information. In the past, many leaders 
of academic medicine and the heads of the Senate and 
‘House Appropriations Committees, Senator Hill and 
Representative Fogarty, worked hand in hand to es- 
tablish a substantial federal underpinning for bio- 
medical research. But they failed to talk straight to the 
Congress and the public. They promised short-run re- 
turns on the enlarged research investment. It was not 
necessarily a mistake to make such large investments 
in research, but it was certainly a mistake to promise 
results that were uncertain.” 

-~ An unpublished paper by Lewis Thomas? illustrates 
this point. Thomas points out that the major break- 
throughs in health technology occurred before 1950, 
whereas the major expenditures have occurred since 
then. Advances in therapy will occur again, but it is 
impossible to pinpoint when. Many of the present 
troubles stem from an inadequate dialogue among the 
profession, the Congress and the public. 

~My own experience with this record of poor advice 
was as a member of the National Institute of Mental 
Health Advisory Council in the early 1960’s. Our budget 
increased more than 500 percent in a 4 year period, and 
Iconsistently advised my colleagues to slow the growth 
rate. But they and the staff looked with favor on the 
larger appropriations. 


Lessons From Studies in Health Manpower 


Having presented these perspectives, I have as my 
next task identification of the lessons about health 
manpower that emerge from my ongoing studies and 
policy involvements. At a recent conference of health 
economists, the group concluded that there is no direct 
relation between manpower statistics and policy. Even 
when data are relatively detailed and accurate, it is 


difficult to interpret them. The figures by themselves 
cannot supply policy guidance.? 

The manpower study sponsored by the College is a 
useful example of this problem. The figures presented 
suggested that 4,000 more cardiologists are needed. 
Moreover, the analysis pointed to the need for addi- 
tional funds and staff to expand training capacity. But 
additional data in the study were not mentioned. At the 
time the study was undertaken there were 1,000 
board-certified cardiologists in practice and 700 to 800 
in training. Clearly additional expansion should be 
viewed with caution. When the numbers in the pipeline 
represent 70 percent of the current supply, one should 
become worried about the rate of growth rather than 
seek to expand it further.!° 

Experience indicates that whatever government 
policy may be, the health care industry will remain an 
open system. Patients will be free to do what they want, 
doctors will retain considerable freedom, hospitals will 
remain important and potent institutions. In short, the 
notion that we will shortly rationalize and control the 
system is unfounded. Even in eastern European 
countries, there are limits to rational planning. I find 
it impressive, for instance, that Russian academicians 
use their own hospital facilities, not the facilities 
available to the general public. There is evidently 
something inequitable in the delivery of health care in 
the U.S.S.R. Government planning will never be able 
to rationalize health care completely. It certainly cannot 
increase the number of doctors in Harlem when an in- 
creasing number of black men and women are suc- 
ceeding in leaving! 

Another lesson is that developments in a subspecialty 
must be related to broader trends. The general devel- 
opments m medical manpower reflect the wide accep- 
tance of specialization by the public and practitioners. 
In spite of government policy, the public will continue 
to prefer specialists for many of their problems. More 
affluent and better educated patients who have heart 
trouble will visit a cardiologist rather than a physician 
with residency training in family practice. Congress will 
not—and in my opinion should not—attempt to change 
that. Specialization, perhaps with some modifications, 
will be around for a long time. 

I have already indicated that the issue of maldistri- 
bution is poorly conceptualized. The one lesson that 
does emerge from the confusing debate is that the fun- 
damental problem is how professionals relate to each 
other and to their patients. Clearly, there ought to be 
a limited number of cardiologists in each large city 
serving as consultants. Effective redistribution requires 
modifications in basic professional relations. 

A final lesson is that there is a broad gap between the 
perceptions of government officials and public opinion. 
It is hard to know whom the present federal government 
represents in health planning beyond a small group of 
bureaucrats and a few senators with staff resources. 
People in Washington like to talk about the health cri- 
sis. Until recently they reported a national shortage of 
50,000 dectors. Yet public opinion polls indicate that 
health care is not high on most people's list of concerns. 


Perhaps it should be, but it is not. I credit ordinary 
people with an ordinary amount of wisdom. In this case 
it may be the extraordinary people— bureaucrats, sen- 
ators and their staff assistants, leaders of the medical 


profession— who may be off base. Public opinion is - 


simply not clamoring for change. 


Application to Cardiology 


How do these observations pertain to cardiology? 
First, cardiology is a special case because the field itself 
is so splintered. Cardiac surgeons are technically clas- 
sified as surgeons, not cardiologists. A new group, car- 
diac technologists, has evolved, and they control a new 
complex set of diagnostic techniques. Finally, there are 
the clinicians. Such splintering does not characterize 
other specialties, such as orthopedic surgery, in which 
the same physician performs diagnostic work, surgery 
and, often, rehabilitation. In cardiology, these functions 
have become the tasks of different groups. 

Second, cardiology today faces many unanswered 
questions. How much surgical intervention ought there 
to be? How much diagnostic intervention ought there 
to be? What is the optimal work load needed for a spe- 
cialist to maintain his competence? None of these issues 
have been resolved by the profession. 

Third, cardiology has not developed satisfactory 
relations with other branches of medicine. It is clear 
from the available reports that most patients with heart 
disease are cared for by physicians who are not cardi- 
ologists.!! Hence, the relation of cardiology to the other 
physicians who care for people with heart disease is 
critical. Moreover, in dealing with the public, cardiol- 
ogists have not given sufficient attention to helping 
people take care of their health. This requires much 
more emphasis on preventive care, but cardiologists 
have been slow to move in this direction.!? 

Fourth, the reports suggest that the training pro- 
grams in cardiology are not particularly strong. The data 
indicate staff shortages. At the same time, the profes- 
sion argues there is “capacity” to train more cardiolo- 
gists, if additional funds were provided. For an econo- 
mist this is a meaningless definition of capacity. There 
is probably a need to improve the quality of existing 
training, rather than to expand training programs.!? 

Fifth, the data do not justify any specific conclusion 
about manpower needs in cardiology. Estimates of the 
additional needs range from 5,000 to 60,000. In fact, it 
is impossible to tell from the data whether the supply 
is short, adequate or overabundant.!! 

This problem arises because so little is known about 
the relation between interventions and health status. 
One cannot argue that more cardiologists are needed to 
provide services that may have little or no impact on the 
patients' health. For example, I am impressed with the 
fact that half the people in the United States who have 
hypertension do not know it.!* Does this mean there is 
some way in which cardiologists could and should in- 
tervene to improve their health? It is an interesting 
figure, but it is not clear what these numbers imply for 
manpower needs. Similarly, much more needs to be 
learned about the impact of cardiac catheterization and 
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heart surgery on health outcome before it can be as- 
serted that more manpower is needed to perform more 
of these procedures. 


Future Developments 


As for the future, I believe that national health in- 
surance will come very slowly. When it does come, it will 
probably be expensive, inefficient and unable to solve 
existing problems such as improved access to the sys- 
tem. 

Regionalization at best will make slow advances be- 
cause a serious effort at regionalization requires control 
over facilities, financing, professional staff and the flow 
of patients. These and other points relating to reg- 
ionalization are covered in a forthcoming book of the 
National Library of Medicine.!? Of course, a form of 
voluntary regionalization exists already. There are local 
medical centers that provide secondary and tertiary 
levels of care for patients who are referred. But signifi- 
cant additional referrals are unlikely in the near future. 
Changes in this direction will proceed very slowly de- 
spite new planning legislation. 

The financing of health care will become more re- 
strictive. Money will not continue to be injected into the 
medical system at the current rate. This will affect all 
types of providers. As a result, the present system of 
reimbursement will be altered significantly. 

Pressure to expand medical schools will continue 
nevertheless. Despite advice to the contrary, the public 
will urge an increase in the number of physicians. For 
example, four separate commissions have studied pro- 
posals for a new medical school in eastern North Caro- 
lina. Against each commission's advice, the state legis- 
lature recently voted funds for the new school. 

Public pressure is forcing the government to facilitate 
reentry into the educational system for Americans 
forced to go abroad for their professional training. 
Medicine remains a highly attractive field and will 
continue to draw increasing numbers of applicants. 
These factors all serve to stimulate the further expan- 
sion of schools and training programs. 

As time goes on, the federal government will increase 
its efforts to exert control. Washington will respond to 
pressure from diverse sections of the community and, 
in spite of practical difficulties, will seek to participate 
more actively in the health care system. Whether such 
efforts will be for good or ill remains to be seen. 


Future Steps in Cardiology 


I offer the following advice to cardiologists: First, 
study the initial placement of residents and try to follow 
them up during their early years of practice. The ex- 
perience of recent graduates is the best key to trends 
within a profession. Directors of training programs 
should follow up their graduates and seek to pool what 
they learn. 

Second, analyze the number and quality of students. 
applying for programs in cardiology. What percentage 
of the medical school class do they represent? Look for 
changes from previous years. Is cardiology drawing its. 
proportion of the best students? In any complicated 
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field, marginal changes are always the best guidelines. 
In cardiology the new students represent those margins. 
- Third, cardiologists must examine their relation to 
members of allied professional fields such as internal 
medicine and family practice. It is not practicable for 
cardiologists to care for all or even most patients with 
cardiovascular disease. It will therefore be necessary to 
extend training in cardiology to internists and general 
practitioners. At the same time, a constant review 
should be undertaken to update training programs in 
cardiology. 

Finally, I strongly advise cardiologists to increase 
their interactions with the American public. Formulate 
a clear picture of the services cardiologists can offer, 
especially in the prevention of heart disease. The public 
is increasingly better educated. Since the average young 
person now has completed at least 1 year of post-high 
school study, cardiologists can begin to communicate 
with this public in an intelligent and straightforward 
manner. 

In fact, the need to inform the public is urgent. 
Americans have been flooded with conflicting views of 
the health system and have become understandably 
confused. A parallel situation has already developed in 
the field of education. For years the belief prevailed that 
higher education would lead automatically to desirable 
career opportunities. That belief has recently been 

fundamentally shaken. The promise of a better life 
through education has not matched reality. People now 
legitimately begin to question the benefits of higher 
‘education. The lesson should be clear to the medical 
profession. Whenever promise and fact are incompati- 
ble, serious problems will develop. For this reason it is 
imperative to involve the public in the current debate 
over the future of medicine. 
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ADDENDUM 


Recommendations to American College of 
Cardiology 


At the close of this presentation, I was asked by sev- 
eral members of the Conference what steps I would 
recommend to the American College of Cardiology. 
Within my usual cautious and critical framework, I offer 
the following modest agenda: 


1. To find ways in which the College might contribute to 
improving the quality of services to the American people and 
advancing the frontiers of cardiology. 

2. Toinform the public and state legislators and the Con- 
gress about the facilities, services and programs that are de- 
sirable or contraindicated from a professional viewpoint. 

3. To explore how cardiology might more successfully 
convey new knowledge to other health care providers so that 
they will be in a better position to treat patients with coronary 
disease. 

4. To learn more about results of alternative diagnostic and 
therapeutic techniques and to use the findings to improve the 
practice of cardiology. 

5. To experiment with ways of involving the public more 
effectively in actions and programs to forestall or prevent the 
onset of various forms of coronary disease. 

6. To monitor closely the flow of students into and out of 
residency programs and to use the resulting information to 
reassess established goals and practices in training programs. 

7. To try new programs of continuing education for cardi- 
ologists and other interested physicians in order to raise the 
level of care provided to patients with cardiovascular disease. 

8. To exercise caution in increasing the flow of personnel 
into cardiology, and to do nothing at this stage about so-called 
problems of maldistribution beyond trying to strengthen re- 
ferral systems from outlying regions to major centers. 
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Cardiology Manpower Study 


PETERSON (Chairman), DREIFUS (Cochairman), ABRAHAMSON, BROWN, FROMMER, HULTGREN, MENDENHALL, 


PRITCHARD, RODDY, WEARY 


The first chapter of the volume entitled “Evaluation of 
Cardiology Training and Manpower Requirements” ! 


. notes that we were grossly ignorant about cardiologists 


in the United States. At the time that report was com- 
missioned, little was known about the training of car- 
diologists, their competence or the organization or 
content of their practice. There was no complete list of 
cardiology training programs in the United States or any 


systematic knowledge of training program content, 


duration or number of positions offered. 

This remarkable state of affairs led to the organiza- 
tion of a study under the direction of Adams and Men- 
denhall.'? A contract was obtained from the National 
Heart and Lung Institute funding a study to meet four 
specific objectives: 

1. To define the current professional roles of the cardiol- 
ogist. 

e To determine the objectives of training programs in 
cardiology. 

3. To determine the current and future manpower needs 
for cardiologists. 

4. Todetermine the current and future educational needs 
of cardiologists. 


In approaching the problem of writing a critique of 
this cardiology manpower evaluation, we have taken 
these four objectives as the point of departure. The re- 
port was scrutinized to determine the extent to which 
each one was fulfilled. 


I. Current Professional Role of Cardiologists 


The first problem in defining the role of the cardiol- 
ogist was to determine the population to be studied. The 
study population was taken to be all physicians listed 
as cardiovascular specialists by the American Medical 
Association, physician members of cardiology societies, 
and Diplomates of the Subspecialty Board in Cardio- 
vascular Disease. Nonmedical specialists meeting some 
of the criteria were excluded (for example, surgeons and 
radiologists). The decision was to limit the scope of the 
study to physicians who classified themselves as car- 
diologists. The decision was reasonable, perhaps even 
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necessary, but the result was the exclusion of all other 
physicians treating cardiac disease. 

Seventy-seven percent of 12,175 potential dtaa 
Diets located from the several sources responded. toa 
short initial classification questionnaire. Since the 
log-diary, the instrument chosen to obtain data on the 
cardiologists’ roles, imposed a considerable load upon 
participants, the sample for this further detailed study 
was drawn from the “first wave” of nonfederally based 
respondents to the classification questionnaire on the 
plausible assumption that late respondents would be 
less cooperative. The log-diary that cardiologists were 
asked to maintain for 1 week did, indeed, demand a high 
degree of cooperation. Of the sample of 656 cardiologists 
drawn for the log-diary study, 364 (approximately 55 
percent) provided usable returns. The investigators 
were concerned with this somewhat low response rate 
and determined that the busier cardiologist tended to 
respond better, as did younger cardiologists and those 
in partnerships and group practice. 'The response rate 
from the urban middle-Atlantic region was low, a result 
for which there was no evident explanation. 

Thus, the respondents to the log-diary study are 
probably over-represented by cardiologists who are 
younger, more deeply engaged in cardiology and prac- 
ticing in a group, three conditions that may be associ- 
ated with somewhat larger work loads. The problems 
of the log-diary study were carefully presented. ang 
examined. 

Several of the more important results of this siudi 
should be mentioned. From the age structure it is clear 
that the number of cardiac specialists is increasing and 
that younger cardiologists probably enter group and 
other organized practices in greater proportions toig 
do older physicians. 

Second, about 46 percent of the patients treated b 
cardiology board-certified specialists were referred by 
other physicians. Thirty percent of the patients treated 
by noncertified specialists in cardiology were referred. 
Clearly, the average cardiologist is not a full-time con- 


sultant who sees patients principally in consultation. 
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Third, two thirds of the work day of all cardiologists 
was given to patient care, and about two thirds of this 
time was given to patients with cardiac disease. A pri- 
mary cardiologist gives about 50 percent of his patient 
care time to patients with heart disease, whereas the 
secondary cardiologist gives approximately 30 percent 
of his time to this group. Presumably both give the re- 
mainder of their work time to the practice of general 
internal medicine. 

— Fourth, the log-diary data suggest that the mean 
work week of cardiologists is approximately 57 hours. 
The normal work days, Monday through Friday, aver- 
age somewhat more than 9 hours whereas week-end 
time is about 5 hours a day. General practitioners have 
reported to the American Medical Association that they 
average 52 hours/week, a result that is surely an over- 
Pete because of the method used to obtain the data.’ 
The very high figure for cardiologists therefore raises 
some questions. It might have been due to the fact that 
the questionnaire was administered during May and 
June of 1972 and October to January 1972 and 1973, 
thus avoiding the major late summer vacation period. 
Furthermore, cardiologists on vacation during their 
assigned recording period were assigned another re- 
porting period. This could cause an inflated estimate 
of time worked. 

— Ina study of surgery just completed, it was found 
that on any given day approximately one in five sur- 
geons had not worked because he had the day off or was 
away, on vacation or (rarely) ill. We are not given suf- 
ficient information about the cardiologists’ work week 
to judge whether their work week is as long as calcu- 
lated, or somewhat more modest. 

The lack of detailed presentation of data is a common 
problem in the report.? One common deficiency was 
the variable denominators for the various tables due to 
different response rates to specific questions. Normally, 
such variations stem from lack of response to specific 
questions in a questionnaire study. It would be reas- 
suring to know if this or some other problem was re- 
sponsible. Although the data presented were open to 
some questions, most details of the questionnaire ad- 
ministration were carefully presented. 

The Task Force believes that the log-diary provides 
an accurate and reliable description of doctors' activities 
and use of time; this approach has been validated by 
Adams et al.? However, the Armed Forces of the United 
States have for many years used a technique known as 
the task inventory job analysis to characterize the time 
spent on tasks performed as part of specific positions. 
When that technique was tested critically by Nelson et 
al., it was found to be quite unreliable. The current 
Study on Surgical Services for the United States 
(SOSSUS)* included a log-diary study along with direct 
observations of surgeons by medical students. Although 
a detailed analysis has not been completed, important 
variations were found between doctors' self-reporting 
and the observed data. - 

The log-diary study presents a picture of specialist 
cardiologist manpower at a particular time. In dealing 
with manpower, trends are also significant, a point that 


makes it particularly important to assure that the study 
instrument is reliable. It is also most important to have 
some estimate of possible biases, since any defect in one 
study may be magnified in the comparison with later 
ones. 

Finally, although this presentation may appear crit- 
ical, the survey of all cardiologists and the log-diary 
study were very carefully planned, conducted and re- 
ported; the data do provide much useful information on 
the current professional activities of the cardiologist. 


ll: Objectives of Training Programs in Cardiology 


The importance of determining the objectives of 
training programs in cardiology is attested to by the fact 
that the investigators first had to assemble a list of in- 
stitutions with such training programs. This was per- 
formed by communicating with all institutions with 
approved residencies in internal medicine. Of the 534 
residency programs, 329 were found to have cardiology 
training programs and received the questionnaire on 
training. Usable responses were received from 190 (66 
percent). This group of programs had 760 trainees, 
whereas the 139 nonresponding programs had 185. The 
latter statistic was determined from a telephone survey 
of the nonrespondents. 

The Task Force questioned the validity of some types 
of data furnished by the Training Program Director. 
The study might have included some effort to check the 
validity of the data, perhaps by site visits to a subsample 
of programs. 

In the Summary and Recommendations (pages 168, 
169 of the original report)! dealing with cardiologist 
training programs, no mention is made of objectives of 
this study. The recommendations deal with the 
soundness of programs, the desirability of continued 
federal support, the need for continuing evaluation of 
training, the need to define the product of each program 
and the need to adjust output to area needs. Careful 
study of the document suggests that in Table 96 (page 
308)! the skills that trainees are expected to master in 
all programs are probably the several specific program 
objectives. The 1 and 2 year programs show expected 
differences. The graduates of the 2 year program are 
presumed to exhibit competence in generally more so- 
phisticated skills than those who complete 1 year. The 
use of the data was casual. In this, as in other parts of 
the report, there is evidence that there might not have 
been much interaction between the cardiologists who 
drew the conclusions and the investigators who obtained 
the data. 


lil: Current and Future Manpower Needs for 
Cardiologists 


Cardiologist to population ratio: The original re- 
port! states that the ratio of cardiologists in the U. S. 
was 5.1/100,000 population at the time of the study. The 
variation about this mean ranged from 2.5 in the East 
South Central Region to 8.0 in the Middle Atlantic 
Region. On the assumption that all regions of the 
country should be brought up to a standard of 6 cardi- 
ologists per 100,000 population, 2,500 more would be 
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required than were present in 1972. Because of expected 
. retirements of physicians aged 65 years and over, it was 
— estimated that a further 2,000 cardiologists would be 


needed as replacements by 1976, bringing the total need 
to about 4,500. 
- There were other recommendations such as the need 


- for a large number of internist cardiologists, for “six to 
- seven thousand” clinical cardiologists and about 400 


more academic cardiologists. Since we judge that these 
are subsidiary to the overall proposal for an increase in 
the cardiologist-population ratio, we will focus upon the 
latter. 

The use of the physician-population ratio as a method 
for calculating manpower needs has been discussed by 
Badgley et al’ in a comprehensive review of health 
manpower planning techniques. They commented as 
follows: 

“The health personnel-population approach tends 

to suggest that an adequate number of workers is 

supplied when there is an equality between the 
given ratio to the desired ratio. The significance of 
this tautology turns on the method of determining 
the desired ratio. If, as in the case of the Bane re- 
port, an historically observed ratio is selected, then 
it is not clear how the adequacy of this ratio is to 
be tested, except by definition." 

There is wide agreement with the Badgley view.’ 


‘Task Force members would have preferred that the 


study group base its projection of needs on a variety of 
approaches and data bases. For example, some use 
might have been made of the study's own log diary re- 
sults, which included sound, reliable data on work loads 
of a representative sample of cardiologists throughout 
the nation. 

The manpower-population ratio of 6.0/1000 was 
based on unsupported assumptions. It ignored impor- 
tant variables. The work load of surgeons* and general 
practitioners, for example, has been shown to drop off 
sharply for those beyond 45—50, a fact which the overall 


- ratio ignores. The recent output of cardiologists has 


been large and their mean age is low. À young group is 


» presumably capable of handling large work loads, a 


consideration ignored in applying a particular ratio. 
Distribution of cardiologists: Certain areas using 
cardiologist-population ratios no doubt have an ample 


supply whereas other census divisions with adequate 


cardiology manpower probably have some local short- 


ages. If the cardiologist-population were to be used, 
calculations would have to be based on medical service 
areas which could be aggregated into larger units. In 


each area, ratios would have to be adjusted for the age 
of cardiologists. 

A recommendation to add 2.500 or 4,000 cardiologists 
to present manpower must rest upon some policy. 
Certainly it raises a number of policy questions such as 
how additional cardiologists could be induced to prac- 
tice in defined shortage areas. The distribution of car- 
diologists, like all physicians in the U. S., is related to 


population density, mean area income, location of 
" medical institutions and other variables. Cardiologists 
.. are concentrated in the large metropolitan areas, less 
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frequently in larger non-metropolitan places and rarely. 


elsewhere. Given the informal organization of medical 


care services, it is difficult to recognize what present - 
policy might alter these major influences. Lacking an - 


effective policy for physician distribution that might 


induce, coerce or pay physicians to locate in the cardi- 
ologist-short areas, is there any point in gas 


manpower? 


Recent increased medical school oUtpuls and im- 


portation of physicians have raised the physician pop- - 


ulation ratios sharply, but concentration of all physi- - 
cians and particularly specialists in cities and certain 
regions has increased. Current trends thus suggest that- 
the cardiologists in major or metropolitan areas would . 
increase even further and that decline of all types of - 
physicians in the smaller non-metropolitan areas vood 


not change under an expansionist manpower policy. 


There are manpower distribution problems far : more. 


serious than those represented by lack of cardiologists. _ 
In 1970 there were 132 counties containing nearly half 


a million population that had no physician, an unhappy | 


circumstance that is worsening rapidly rather than . 
improving.? It is general practitioners who meet most 
of the distributional requirements.? Clearly any policy 
is based upon choices. In this instance access to any care - 
would certainly take precedence over access to a spe- 
cialist. 

One alternative approach to manpower sleet that 
should be explored would start with heart disease 
prevalence and projected incidence, by aggregated 
medical service areas. A recent publication of the Na- 
tional Center for Health Statistics? states that there are 
nearly 27 million persons with cardiovascular disease. 
in the U. S. This represents a need far beyond the ca- 
pacity of all cardiologists. Persons with heart disease are- 


sick; many have symptoms. They are high users of 
medical care, some were bedridden in the previous year, 


and a substantial number had illnesses which kept them. 
in bed longer than a month. 

The situation of cardiology in the U. S. may be like" 
psychiatry in England. Shepherd, an epidemiologi- 
cally-oriented psychiatrist, and his coworkers!? con- 
cluded that about 95 percent of all psychiatric disease 
in London was being treated by general practitioners. 


A National Center for Health Statistics Report on the 
National Ambulatory Medical Care Survey to be pub- 
lished shortly!! demonstrates a similar situation with 


regard to heart disease in the United States. 
In light of such data it seems clear that the decision 


to base manpower recommendations on a study of 
cardiologists was unfortunate, in that projection of 
manpower needs must rest in part on the prevalence of 
disease in the population and who can and will treat it. 


A policy alternative to increasing the number of cardi- 
ologists might be to provide more clinical cardiology 
training for family physicians and internists who now 
treat most patients with heart disease. This might better 
meet the area distributional needs than an increase in 
specialized cardiologists. 

Part-time cardiologists versus full-time XXE 
tants: There are other policy issues involved in spe- 





me REDI d "E TRETE, bra TS 


roam TASSO : 
P RM umo LCS 


" 
a 


 cialist need projected from disease prevalence. For ex- 
. ample, cardiologists devote only about half time to pa- 
tients with heart diseases. There must be considerable 
- variation, with some who give full time to the specialty 
and others who do no more cardiology than an average 
general internist-family doctor. Further analysis of 
- study data to determine this point would be useful. 
- Part-time cardiologists who compete with general in- 
 ternists and general practitioners do not facilitate pa- 
_ tient referrals. If cardiologists acted as full time con- 
sultants, their relations to other physicians might en- 
_ courage referrals. Some consultants and specialists feel 
-that to be most useful they must be deeply experienced 
.in the complicated, serious and unusual. Such experi- 
ence is not sustained in general practice or even half 
_time specialization in cardiology. 
_ Other approaches to cardiology manpower needs: 
X addition to a more sophisticated use of the ratio 
- method and an independent approach based on con- 
| sideration of the prevalance of disease and the specialty 
requirements for treatment, this Task Force felt that 
- other approaches to the projection of manpower needs 
- should have been used. The studies of manpower con- 
- ducted as part of the activity of the Committee on Costs 
| of Medical Care in the early 1930's assumed that all 
income levels of the population needed as much care for 
P abscifie disease as the highest income group obtained, 
_ to arrive at recommendations about manpower. More 
j . recently, Schonfeld et al!? have used this same tech- 
. nique for deriving needed numbers of primary care 
- physicians. 'The needed care and physicians derived 
- from this method tends to be very high. They concluded 
that 133 family doctors per 100,000 population are 
. needed, a total not very different from the present ratio 
. of all physicians giving patient care. If cardiologists 
- could reach a realistic decision on the amount of cardi- 
_ ology care needed, this would make a useful standard 
"for planning. An optimum standard, we caution, is 
- useless because it is impractical and impossible to im- 
_ plement. 
E - Another approach to the projection of manpower 
i Needs rests on assessment by various professionals in 
the communities of the nation. The study made a start 
- here but the data were not used. The cardiologists were 
. queried i in the questionnaire about their opinion as to 
_ the need for more cardiologists. Interestingly, most felt 
` that the supply was about right, an opinion that may be 
- related to the fact that only half of their time is given to 
_ patients with heart disease. They may have foreseen 
_ that more cardiologists would further reduce this work 
- load. Of course, the deficiency in querying only cardi- 
-ologists i is that no assessment will be obtained from an 
area having the most need, namely, one having no car- 
 diologist at all. It might therefore be useful to ask other 
- physicians such as general practitioners, surgeons, or 
- hospital administrators about cardiology needs. Would 
s the administrator, for example, be willing to provide a 
cardiology laboratory and a subsidy to attract a cardi- 
- ologist to his institution? In the case of the general 
. practitioner, pediatrician or general internist, one might 
ask: what type of patient is now referred to cardiolo- 
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gists? How many more patients would be referred to a 


cardiologist if there were one (or more) available in the 


community? 
Another approach to the problem of estimating cur- 
rent and future need for cardiologists in the U. S. could 


be based on the numbers of cardiologists actually 
working in various health care systems. For example, 
cardiologists per capita should be examined in various 


prepayment systems, in the military, in the Veterans 
Hospitals, and in various other countries such as En- 
gland, Canada and Sweden. Of course, such an approach 
would require care in adjustment for varying definitions, 
roles, age distributions of the population under care and 
so forth. 

Suppose for the moment that multiple approaches 
to the projection of cardiology manpower needs were 
taken to confirm the conclusion of the Report, namely 
that the supply must be substantially increased. If an 
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increase of cardiology manpower were recommended - 


or affirmed by this group, it would be well to obtain 
some data on the manpower pool from which cardiology 
trainees were to be drawn as well as the other demands 
on that pool. A first practical question might be 
whether, lacking training funds, more candidates would 
be attracted to cardiology. A second question is whether 
this competition for trainees would be in the public in- 
terest, given the need for recruits in other areas such as 
primary care, family practice and community medicine. 

Is there a shortage of cardiologists? In general, the 
investigations relevant to the recommendation for the 
need of more cardiologists were competently conducted. 
However, further approaches should have been ex- 
plored. The policy recommended did not make use of 
the study data that were available. The Task Force feels 
that the conclusion that there is a shortage of cardiol- 
ogists has not been demonstrated. In fact, certain evi- 
dence was not used in the manpower projection, e.g., the 
opinions of cardiologists in practice and the log diary 
finding that a relatively small share of cardiologists’ 
time was spent in care of cardiac patients. 


IV. Current and Future Educational Needs of 
Cardiologists 


The determination of this objective was met in part 
by surveying the cardiologists with regard to areas in 
which they desired further instruction. Responses to a 
questionnaire about needed education are presumably 
based on weaknesses which the individual respondent 
recognized in his own skills or specific areas or tech- 
niques for which he was not trained. There may be some 
question about how many have this capacity to recog- 
nize their own professional deficiencies. Furthermore, 
a stated need cannot be equated with effective demands 
for education. 

There have been many studies of continuing educa- 
tion for general practitioners which have included 
questionnaires whose purpose was to determine the 
needed or desired curriculum. Although interest in 
educational programs is often asserted, far fewer doctors 
actually enter programs. Responding to a questionnaire 


is too easy. If the demand for education were equivalent - 


to questionnaire responses, the requirements for edu- 
cational facilities and personnel would be difficult to 
meet. The barriers to continuing education are easy to 
recognize. Practitioners cannot easily leave their prac- 
tices. Their real educational costs include income 
foregone, cost of maintaining an unproductive office, 
direct costs which are not trivial and, finally, difficult 
to calculate but real long term losses due to not being 
immediately available when called. 

The true meaning of an affirmative response to a 
questionnaire is not always clear. Several possible rea- 
sons for further education are probable. Thus, in con- 
sidering lifelong education of cardiologists, we must ask 
the question ‘what policy is being served?’ We must ask 
also whether continuing education and attendance at 
national meetings are worth the effort before setting up 
programs. Many years ago, when data were obtained on 
general practitioners' educational activities during one 
year, these physicians were found to differ greatly in the 
amount of education obtained.!? There was, however, 
- nocorrelation whatsoever between the amount of edu- 
cation and the quality of their practice. Whether con- 
tinuing education is cost effective is seldom known. 
Apparently, education for practicing physicians is ef- 
fective when it is built into medical organizations.! 4^ 
There are numerous medical institutions (hospitals and 
group practices) which have effective organizations for 
monitoring care and correcting deficiencies but rather 
few have described their experience. 

Since the purpose of continuing education is im- 
provement of quality of care, it is fair to point out that 
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there is research which has shown associations between 
the organization of medical services, the amount of - 
clinical experience of personnel and the outcomes of | 
care.6-?? Well organized services with experienced | 
personnel achieved better results as evidenced by lower 
perinatal mortality rates, fewer cancer deaths, fewer - 
surgery deaths following cardiac and abdominal oper- 
ations.!9-?? It seems probable that cardiologists with — 
more experience are better cardiologists and that such 
experience is a more important factor than formal in- 
structions obtained in continuing education programs. 
However, definitive work on this point is yet to be done. 


Conclusion 


The studies of cardiology programs and manpower 
requirements are a valuable series of investigations, 
competently planned, carefully executed and well re- - 
ported. 'The work is strongest and most useful in de- 
scribing the professional activities of cardiologists and 
the nature of cardiology training programs in this. 
country. It is weak in its projection of manpower needs - 
and its failure to evaluate all physicians who deliver 
cardiac care. Extensive further work would be required 
in order to develop a credible measurement of the 
present and future needs for cardiologists. In particular, 
study of cardiac care given by physicians other than . 
cardiologists and totally unmet needs for care would be 
imperative. Further, policy issues concerning the skills 
required for care, training needs for non-certified car- 
diologists, and solutions to geographic maldistribution 
problems would require additional data and analysis. 
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Task Force Il: Distribution of Cardiologists: 
Significance of Delivery of Cardiovascular Health Care 
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The World Health Organization Expert Committee on 
Professional and Technical Education of Medical and 
Auxiliary Personnel defines a medical specialist as “. . . 
a physician who limits his practice, either partially or 
wholly, to particular disease entities. Patients come to 
him either directly or by referral from other physicians 
.. ." 1 On the basis of this definition and the findings of 
the profile studies of the cardiologists' roles, three types 
of cardiologists are identified for the purpose of this 
report.? These are: 

1. Internist-cardiologists: 'These cardiologists are 
usually noninstitutionally based and limit their practice, 
at least partially, to cardiovascular health problems. 
These physicians provide general medical and cardiac 
care for most of their patients. 'They are qualified in- 
ternists who may or may not have their primary board 
certification in medicine. 

2. Clinical cardiologists: These cardiologists are 
usually not institutionally based, but their practice al- 
most entirely depends upon referral of cardiac patients 
from other physicians. They have had formal training 
in cardiology and are qualified for subspecialty board 
certification. 

3. Consultant cardiologists: These cardiologists are 
based in medical institutions, have had formal post- 
graduate training in cardiology and devote all of their 
time to complicated problems of cardiovascular care, 
research and teaching; they also provide consultation 
to practicing cardiologists in the community. They may 
or may not be board-certified in cardiology. 

Before considering the distribution of cardiologists 
in the light of these categories, it is important to note 
that specialization in cardiology needs no elaborate 
justification in light of the serious cardiovascular dis- 
eases that have plagued this country. Further, as the 
World Health Organization Committee cited states, 
"specialization [in medicine] is justified essentially by 
the fact that medical knowledge and skills have become 
much too detailed and complex to be taught or under- 
stood by any individual physician .. . ." 4 The field of 
cardiology, which is closely intertwined with epidem- 
iology, preventive medicine, biochemistry, physiology, 
anatomy, pharmacology, other medical and surgical 
sciences, bioengineering, rehabilitation and behavioral 
sciences, to mention only a few, is an epitome of the 
complexity of medicine in the 20th century. 


It is the responsibility of professional societies and 
organizations, official and voluntary health agencies at 
national and local levels, the federal and state govern- 
ments, private industry and society as a whole to know 
the services needed by society. They should also know 
how to influence the equitable and meaningful distri- 
bution of health manpower so that action-oriented 
programs can be initiated in advance of any shortage 
and commensurate with the society's priorities and 
economic capabilities. The American College of Car- 
diology recognizes this responsibility and uses the 
mechanism of the Bethesda Conference as a means for 
studying the problem and making specific recommen- 
dations for its solution. 

It should be emphasized that there are few mean- 
ingful data with regard to the assumption that the un- 
equal distribution of cardiology manpower in the United 
States constitutes maldistribution or that its correction 
will improve care of patients with cardiovascular dis- 
ease. Because of the complexity of scientifie and social 
trends, their shape, scope and potential impact, quan- 
titative prognostication about cardiology manpower 
requires in-depth study. The Task Force strongly rec- 
ommends studies to substantiate the frequently made 
statement that there is an unequal distribution of car- 
diologists in the United States and to quantify the effect 
of such inequality on the health care delivery system. 

Assuming there is an unequal distribution of cardi- 
ology manpower in the country, the Task Force con- 
sidered certain important variables, which will be dealt 
with separately in the following sections. 


Availability of Cardiologists 


The definition of specialist by the World Health 
Organization! and the results of the profile study of 
cardiologists by the American College of Cardiology? 
were accepted by the Task Force as a working definition 
in determining the number of available cardiologists in 
the United States. It is recognized that of all the ac- 
cepted indexes of health in a country, those concerned 
with health services and activities directed toward the 
improvement of health are most important. Thus, the 
study of the availability and the distribution of pro- 
fessional manpower affecting these services and ac- 
tivities becomes crucial in health planning. Obviously, 
since health planning is an integral part of general social 


and economic planning,^ the study of the availability 
of professional manpower should not be limited to 
cardiologists; rather, it should include other types of 
physicians, especially internists and family practi- 
tioners. 

Unfortunately, data on availability of physician 
manpower in the United States are not readily acces- 
sible. The best estimate is that there are about 167 to 
170 physicians/100,000 population. A similar figure for 
cardiologists is approximately 5.6/100,000.° 

Evaluation of the availability of cardiologists in the 
United States depends upon two major considerations: 
(1) the actual number of cardiologists (all three cate- 
gories defined earlier) and their distribution throughout 
the country, and (2) the actual need for care of cardio- 
vascular disease including clinical services, education, 
research and administration. There are about 11,670 
physicians in the United States who consider them- 
selves cardiologists.? They constitute approximately 3.7 
percent of all physicians in active practice. 

The ratio of cardiologists to population ranges from 
8.0/100,000 in the Middle Atlantic region to 2.5/100,000 
in the South Central region. In cities of over 1 million 
population, the greatest numbers of cardiologists are 
located in the East and West Coastal areas. Some large 
cities in the Midwest (for example, Milwaukee and 
Detroit) have a cardiologist to population ratio of less 
than the national average of 5.6/100,000.? These dis- 
crepancies in the regional distribution of cardiologists 
may be due to a host of factors other than population 
density. Some of these factors are the community pur- 
chasing power, the hospital facilities, the availability of 
medical schools, the educational opportunities and the 
nature of practice arrangements. 

Factors foverning distribution of cardiologists: 
'The observed distribution of cardiologists in different 
regions of the country is perhaps consistent with current 
trends in medical practice emphasizing care delivered 
by teaching hospitals. It is argued that attempts to re- 
locate cardiologists so that they would be more equita- 
bly distributed throughout the country may be contrary 
to the established trend in health care delivery and 
without beneficial effect. Indeed, as is suggested by 
some, in taking into account “the many dilemmas for 
primary as well as higher level of care, the time may 
have arrived to revise the ideal model propagated 
throughout much of this country, in which the teaching 
hospital is positioned at the center of a planetary system 
of revolving secondary and primary services, arranged 
hierarchically to reflect differences in technological 
intensity.” It may be that our efforts to correct the 
maldistribution of cardiology manpower could lead us 
also to reexamine our policy assumption of the past 
half-century that has led to emergence of the hospital 
as the “apotheosis of the faith in the unlimited power 
of biomedical research and technology." 9 Further, the 
distribution of cardiology manpower may be to a great 
degree governed by factors such as the economic well- 
being of the region, its attitudes toward specialists, its 
attitudes toward allied health personnel, variability of 
fee schedules and the organization of the health care 
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delivery system in different areas. In the final analysis, 
equal distribution may not be possible, or desirable, and 
attention may need to be paid to alternate methods of 
health care delivery. 

Need for services of a cardiologist: The second . 
important factor to consider in the availability of car- - 
diologists is the actual need for their services. Patterns 
of distribution of cardiovascular disease in the United 
States would influence greatly this need. It has been 
estimated that by 1976, and on the basis of a cardiologist 
to population ratio of 5/100,000, there will be an ex- 
pected deficit of 3,350 cardiologists in the United 
States.” This projection may also be viewed in terms of 
the need for services of cardiologists in the special units. 

For example, we must consider the utility of current 
diagnostic services (cardiac catheterization, for exam- 
ple) as models for constant reevaluation of high quality 
cardiovascular care. If the advent of noninvasive tech- 
niques reduces the need to use cardiac catheterization 
for diagnostic purposes, the resources and manpower 
that ordinarily would be allocated to such programs 
must be diverted to take care of other pressing prob- 
lems. On the other hand, should aortocoronary bypass 
surgery prove useful, it may result in an increase in the 
use of cardiac catheterization. It is therefore recom- 
mended that the manpower requirements for cardio- 
vascular service be continuously evaluated in terms of 
prevalence of disease and need for specific diagnostic, 
therapeutic and rehabilitative services. 


Demographic Factors 


Adequate planning for manpower requirements in 
health programs depends upon the following informa- 
tion: 

1. Data on the present and future size of the popu- 
lation and its composition in terms of age, sex, race, 
socioeconomic characteristics and regional distribution 
and clustering of population subgroups. 

2. Data on morbidity and mortality in the popula- 
tion. | 

3. Data on availability of medical facilities and per- 
sonnel. 

4. Data on public and professional perceptions and 
attitudes toward the need for cardiovascular disease 
health care and its delivery. 


Of these four prerequisites, the influence of demo- 
graphic characteristics of the population on the distri- 
bution of health manpower is perhaps the most relevant. 
Population characteristics and demographic factors — 
influence health manpower in terms of both availability 
and demand for services. 

As the population increases in size, its needs for 
health care increase. In the past, the college-age popu- 
lation—that is, the available pool for future cardiology 
manpower—has increased to meet such needs, but 
projections to the year 2000 indicate that the needed 
increase in that age group may not occur." However, 
enrollment in medical schools depends not only on the 
size of the college-age population but also on its goals 
and objectives. Also, the constant revisions in medical 
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school curricula and the emphasis on care of cardio- 
vascular disease may enlarge the available pool of 
medical students or other physicians who may pursue 
a career in cardiology and thus need further training. 

Aging population: One demographic characteristic 
of the United States population suggests that the de- 
mand for cardiologists will increase substantially. For 
some time the population of this country has been aging 
(that is, gaining a greater proportion of older persons 
each year). This trend increases the demand for cardi- 
ology because so many patients who require cardiolo- 
gists' services are older persons. For example, it is re- 
ported that cardiologists' encounters with patients over 
the age of 65 years account for 33 percent of all en- 
counters in an office setting and 42 percent of encoun- 
ters in a hospital setting.? Projection to the year 2000 
show an annual increase of 300,000 to 400,000 persons 
aged 65 years and over.’ 

There is evidence that the rate of death from all 
causes has been declining in the United States in recent 
years. In addition, and perhaps more important than 
hitherto recognized, there has been a declining death 
rate from coronary heart disease in the United States? 
that is now evident at all ages. T'here is reason to believe 
that these trends may continue. 

Projections of the population of adults under age 65 
are also important, because the majority of cardiologists' 
patients are in this age group. There is a high prevalence 
rate of hypertension and a high incidence rate of coro- 
nary heart disease in this group. Available data show a 
significant projected increase in this population. 

Cardiology manpower among blacks: Since blacks 
and other minority groups have a greater need for car- 
diovascular disease care, these projections will be more 
meaningful in estimating future demand for cardiolo- 
gists in regions with a high percentage of underserved 
people. 'T'he increases in serum cholesterol levels and in 
cigarette smoking habits among blacks have added to 
their risk of having cardiovascular disease, and these 
factors might not be offset by recent advances in early 
detection and treatment of hypertension. Some have 
estimated that rates of coronary heart disease among 
blacks will exceed those of whites in a few years. 
Therefore, special attention must be directed toward 
the need for cardiology manpower among blacks. Be- 
cause there already exists a declining ratio of black 
physicians to black population (mostly due to an in- 
crease in black population without a parallel increase 
.in the number of black graduates from medical schools), 
special attention should be paid to factors that influence 
the unequal distribution of cardiologists meeting the 
. needs of blacks. In addition to increasing the number 
of black physicians in this country, we must consider a 
variety of avenues for entry into the health care delivery 
system that will guarantee high quality care for blacks 
and other minority groups. ; 

The quality of life: Another factor that influences 
planning for manpower requirements is the quality of 
life. A Bureau of the Census report states: “Progress in 
‘control’ of the aging process from a demographic point 
of view may be measured in terms of increases in the 
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‘quality’ of life; e.g., reductions in mortality rates or 
increases in survival rates, and in terms of improve- 
ments in the ‘quality’ of life; e.g. reductions in rates of 
morbidity, disability, and hospitalization.” H 

With respect to measuring improvements in the 
quality of life, national statistics for various measures 
of morbidity (for example, incidence rate, hospital 
discharges, bed days) are unreliable, particularly for 
examining trends, not to mention future projections. It 
is possible that for some communities meaningful 
measures of morbidity, if available, could be useful in 
assessing or projecting demand for cardiovascular care. 
But the only reasonable, valid and appropriate measure 
avallable for all communities is the death rate for car- 
diovascular diseases. These data are available for urban 
and rural communities and for different age, race and 
sex groups, and by type of cardiovascular disease. 
However, they do not reflect prevalence rates, especially 
the high prevalence rates of hypertension, but they are 
the best measure for distinguishing areas with low and 
high rates of cardiovascular disease. 

Distribution of population by age, race and sex: 
A note of caution is in order with respect to the utility 
of mortality data in determining the need for manpower 
in cardiology or any other discipline in the health pro- 
fession. These data are not, by and large, precise, even 
though they may demonstrate large differences among 
states or counties within a given state.!? Death rates, 
and especially the number of deaths from cardiovas- 
cular diseases, primarily reflect the size of an area's 
population and its age, sex and race distribution. 
Therefore, for any geographic area, the distribution and 
projection of its population by age, race and sex are 
important demographic factors in assessing needs for 
cardiology manpower. Knowledge of the present and 
projected number of persons aged 35 and over and their 
age distribution provides a sufficient indication of the 
size of the cardiovascular disease problem. Similarly, 
information on the number of blacks is a good indication 
of any unusual prevalence of hypertension in the area. 

Per capita income and distribution of cardiology 
manpower: The relation between the distribution of 
cardiologists and per capita income would not, by and 
large, be very helpful in assessing adequacy of man- 
power distribution or explaining unequal distribution. 
To say that the higher a state's per capita income, the 
more likely will its cardiac patients be in a financial 
position to afford to see cardiologists ignores the age 
distribution of the population, the number of retired 
persons, and the extent to which per capita income 
represents a skewed distribution of income. 'T'he premise 
might be sound, but per capita income by itself is too 
crude a measure to be very useful in projecting man- 
power needs. To say that cardiologists tend to set up 
practice in states with higher per capita income is like- 
wise a crude measure of this aspect of distribution. 
Economic and social statistics are difficult to project 
and of limited usefulness in explaining present or future 
distribution of cardiology manpower in the United 
States. The extent to which regional organization of 
health care delivery and emphasis on primary care, 
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family practice and preventive medicine may be de- 
veloped in this country over the next few years will 
significantly influence the need for cardiology man- 
power. 

It is recommended that the assumption of unequal 
distribution of cardiologists should be examined closely, 
primarily using data on age, race and sex composition 
of the population, and data on per capita income and 
economic development of the community as well as the 
prevalence and incidence of cardiovascular diseases in 
relation to our scientific advances and handling of car- 
diovascular problems. Further, it is recommended that 
training programs be tailored for cardiologists. Addi- 
tional training programs should be provided for family 
practitioners and allied health personnel. 


Service and Education Centers 


It is generally accepted that shortages or unequal 
distribution of physician manpower in this country 
creates the greatest stress on first line physicians.!? The 
United States government by tradition and necessity 
has demonstrated a great interest in this area and will 
continue to exert its influence in the future. The Con- 
gress of the United States will *demand" from medical 
institutions a return for the “vast number of dollars it 
is willing to allocate" for training programs!4; in part, 
"the demanded return for the federal investment will 
be dependent upon what Congress perceives as the 
needs of the nation.” 14 The role of this Conference in 
communicating its expert advice to the public and to 
Congress in this regard is crucial, because the perceived 
needs by Congress may differ from the real needs. 

'The cardiology manpower study of the American 
College of Cardiology suggested that cardiologists are 
irregularly distributed, if viewed by comparison with 
population density in the United States.!? On the other 
hand, the distribution of cardiologists in relation to 
medical specialists is quite even. It was a finding of the 
manpower study that cardiologists tend to cluster: (1) 
about medical schools and their affiliated hospitals, (2) 
near the area where they last trained, and (3) in prox- 
imity to referring medical specialists. 

— . These findings lead to the conclusion that a more 
equitable distribution of cardiologists might have to be 
achieved by (1) regionalization of training programs, (2) 
establishment of new medical schools, and (3) estab- 
lishment of specialized cardiovascular care units in more 
community hospitals throughout the United States. 

New medical schools versus regionalization of 
training programs: Creation of new medical schools 
will have at best a lag time of many years to meet the 
needs for cardiology manpower. To meet the need for 
physicians with lesser training than is required for 
cardiologists, a lag time of 15 years has been estimated 
before a new gain in manpower can be achieved—7 
years to graduating from the first class, 3 years to 
postgraduate training and 5 years to repay the debt 
created by replacing the faculty taken away from other 
schools.!? Obviously, the number of years to produce a 
net gain in cardiology manpower could be greater than 
15 years from the establishment of a new medical school. 
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Thus, regionalization of training programs and facilities 

may be a more desirable goal in terms of meeting the 

needs that exist. It is important to emphasize that 

training of family practitioners or medical assistants 

should be a concurrent objective in such an undertaking, 

and should be given a high priority in our future plans. 
for medical education. As has been noted by the World 
Health Organization, there is “... a continuing and 

significant need for family physicians . . ." because there 

"...must be some initial point of contact between the 

general public and the medical profession." ! 

In summary, the relative as well as absolute lack of 
cardiology manpower, once definitively determined, 
need to be communicated to planners of community 
health facilities as well as legislators at state and na- 
tional levels. Since there is ample evidence that the need - 
for specialized cardiovascular care is going to increase, 
it would be important to provide start-up funds and 
incentive programs to existing medical schools and 
community hospitals in order to establish both educa- 
tion and service programs. 

With regard to the establishment of priorities in ed- 
ucation and service programs, the need for prevention 
in cardiology must be emphasized. On the basis of evi- 
dence at hand, there is no question that our priority in 
the practice of cardiovascular medicine must be that of 
prevention, especially as it relates to the young per- 
sons. 15-17 


Social Policy 


It is recommended that if an unequal distribution of 
cardiovascular services including those resulting from 
inadequate distribution of manpower, equipment and 
facilities exists in this country, and if there is an indi- 
cation that this needs correction, these corrections be 
made with local initiative and in partnership with the 
federal government. The education of the practicing 
cardiologist to the need for participating in professional 
educational programs that will increase the level of so- 
phistication of primary care physicians and their abil- 
ities to handle cardiovascular disease problems becomes 
crucial. Furthermore, it is recommended that should the 
assumption of unequal distribution be correct, the at- 
tack on the problem should be made through substan- 
tial expansion of those methods of using public funds 
that may prove efficacious. These are (1) encourage- 
ment of medical schools to allocate a portion of their 
capitation monies on projects aimed to train medical 
students in or near medically underserved areas, (2) 
expansion of National Health Service Corps programs, 
which will increase the number of scholarships available 
to medical students and house staff who agree to serve 
in medically underserved areas, and (3) expansion of 
federal government programs authorizing funds for the 
development of new area health centers designed to 
train residents and primary care physicians to handle 
cardiovascular disease problems in the front line. 


Economic Factors 


Most of the economic considerations related to 
manpower distribution of cardiologists in the country 


have been discussed in other parts of this report. Briefly, 
they consist of (1) adequate support for training pro- 
grams in addition to those projects that deal with 
training of primary care physicians and allied health 
personnel, (2) funds for establishment of new area 
health centers and community-based health education 
programs and the expansion of existing centers and 
programs, (3) expansion of National Health Service 
_ Corps or Public Health Service programs, or both, and 
-. (4) financial support for needed additional equipment 
and facilities as well as supporting services that are 
necessary in the care of patients with cardiovascular 
disease. 
Finally, it should be emphasized that economic in- 
centives for cardiologists to practice in low socioeco- 
— nomic areas of the country must be created. These in- 
. clude not only an equitable fee for service programs but 
also financial assistance to some of these communities 
- that will enable them to provide supportive services 
. needed for the practice of cardiology. 


Recommendations 


1. Further studies should be made to substantiate the 
frequently quoted statement that there is an unequal 
distribution of cardiologists in the United States and 
to quantify the effect of this inequality on the health 
care delivery system. 

2. The manpower requirements for cardiovascular 
service should be continuously evaluated in terms of 
- prevalence of disease and diagnostic, therapeutic and 
. rehabilitation services so that the cardiovascular disease 
. needs of the population of the United States may be 
_ improved as our medical knowledge progresses. 

3. The assumption of unequal distribution of cardi- 
ologists should be examined closely, primarily using 


data on age, race and sex composition of the population, 
and data on per capita income, economic development 
of the community as well as the prevalence and inci- 
dence of cardiovascular diseases in relation to scientific 
advances and treatment of cardiovascular disease. 
Further, it is recommended that training programs be 
tailored for cardiologists. Additional training programs 
should be provided for family practitioners and allied 
health personnel. 

4. If the assumed unequal distribution of cardio- 
vascular services, including those resulting from inad- 
equate distribution of manpower, equipment and fa- 
cilities, indeed exists, and if there is an indication that 
this situation needs correction, such correction should 
be made with local initiative and in partnership with 
federal government. It is considered crucial that the 
practicing cardiologist participate in professional edu- 
cational programs that will increase the level of so- 
phistication of primary care physicians and their ability 
to handle cardiovascular diseases. Furthermore, should 
the assumption of unequal distribution be correct, the 
attack on the problem should be made through sub- 
stantial expansion of those methods of using public 
funds that may prove efficacious. These are: (1) en- 
couragement of medical schools to allocate a portion of 
their capitation monies on projects aimed to train 
medical students in or near medically underserved 
areas, (2) expansion of National Health Services Corps 
programs, which will result in an increase in the number 
of scholarships available to medical students and house 
staff who agree to serve in medically underserved areas, 
and (3) expansion of federal government programs au- 
thorizing funds for the development of new area health 
centers designed to train residents and primary care 
physicians to handle cardiovascular diseage problems 
in the front line. 
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Task Force Ill: Education and Training to Meet 
Cardiovascular Health Manpower Needs 


SWAN (Chairman), BRISTOW (Cochairman), DODGE (Cochairman), FOWLER (Cochairman), COME, CRILEY, FLOWERS, 
FORKER, GIROD, HACKEL, HARRISON, MACCANON, MASON, SAMSON, SOFFER, TARLOV, TOBIN, VOORMAN, 


WAGNER, YU 


Inasmuch as more than 50 percent of all major problems 
related to health care are of cardiovascular origin,! a 
basic knowledge of cardiovascular disease should be a 
requirement for all physicians. This principle is of in- 
creasing importance since the elective curriculum 
available to students in the 3rd and 4th years of medical 
school training may allow for graduation without sig- 
nificant exposure to cardiovascular disease. Further, 
selection of the internship and the rapid differentiation 
of graduates during internship and residency training 
does not ensure the development of essential clinical 
skills. The broad natural needs for health care delivery 
cannot be met unless all physicians undertaking pri- 
mary care responsibilities can manage effectively the 
common cardiovascular diseases, their clinical presen- 
tations and their basic diagnostic and therapeutic re- 
quirements, as well as cardiovascular emergencies. 


Background 


The cardiology manpower report? identified four 
separate groups of cardiologists determined by the 
criteria of (1) self-identification of professional activity, 
(2) nature of institutional practice, and (3) division of 
time into primary (greater than 50 percent) or secon- 
dary (less than 50 percent) commitment to problems of 
cardiovascular disease or related processes. From this 
semiobjective base, four subgroups of cardiologists were 
identified by activities: (1) the internist-cardiologist 
(noninstitutional, secondary), (2) the clinical-cardiol- 
ogist (noninstitutional, primary), (3) the cardiac spe- 
cialist (institutional based, primary), and (4) the aca- 
demic cardiologist (institutional based, secondary).? 
The latter group included physicians with limited spe- 
cialty interest in relation to cardiovascular disease, for 
example, physicians concerned with rehabilitation. 

From the standpoint of professional responsibility, 
and hence of training needs, the Task Force recom- 
mends that physicians providing cardiovascular health 
care should be considered in two basic groups. 

First, the general physician. Both the family prac- 
titioner and the specialist in internal medicine should 
be able to recognize and care for the majority of patients 


with clear-cut, uncomplicated forms of heart disease, 
such as hypertension, ischemic heart disease and mild 
forms of valvular or pulmonary heart disease. | 

Second, the cardiac specialist, a physician whose 
major professional activity is the field of cardiovascular 
diseases. Patients with more complex diagnostic prob- 
lems or serious cardiovascular illnesses should be re- 
ferred to this group. All of these physicians would pos- 
sess special knowledge and training in cardiovascular 
disease, but not all would have expertise in noninvasive 
or invasive procedures. 

A third category of cardiologist, small in absolute 
numbers, but of vital importance to current and future 
cardiovascular health sciences, is the academic cardi- 
ologist, a specialist in cardiovascular disease with an 
additional commitment to teaching and basic and 
clinical research. 

The Task Force believes that subspecialty training 
ordinarily should not commence until the trainee has 
completed 3 postgraduate years in general internal 
medicine. This subspecialty training must be sufficient 
to provide for each of the physician groups knowledge 
and skill appropriate to the level of care to be provided. 
Furthermore, a commitment to continuing education 
should be imparted. 

The General Physician will provide primary patient 
care. Because of the prevalence of cardiovascular dis- 
ease, he is one of a large group of physicians with specific 
training needs that frequently must be met in family 
practice and internal medicine programs. He will be 
principally identified, selected and sustained by pa- 
tients who come to him in a continuing doctor-patient 
relation. | 

The Cardiac Specialist will provide limited primary 
medical care. While he may or may not be hospital- 
based, he will provide consultation and other special 
services to patients at the request and recommendation 
of other physicians. Therefore, he will be identified, 
selected and sustained by the attitudes of his physician 
colleagues and to a lesser extent by individual patients 
and institutions. 

An important subcategory of the cardiac specialist 
has been identified —the qualified internist with addi- 
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tional formal training in cardiovascular disease. This 
physician—the internist-cardiologist —may provide 
consultation services in cardiovascular disease and su- 
 pervise coronary care units and electrocardiographic 
departments in community hospitals, but he will not 
perform all diagnostic techniques. 

The academic cardiologist will provide limited con- 
 sultation services but seldom primary care. His re- 
sponsibilities will include expansion of the knowledge 
base of cardiovascular health care, the orderly assess- 
ment of this information in relation to clinical practice 
and delivery of cardiovascular care, and teaching and 
organizational matters at all levels. This physician is 
dominantly selected and sustained by institutions, and 
to a lesser extent by professional colleagues or patients. 


Training Requirements 


. The Internist, Family Physician, Nurse and Members 
of Other Medical Disciplines 


Academic cardiologists and cardiac specialists must 

accept responsibility for the program content and de- 
sign in the cardiovascular disciplines for internists and 
others in this group. Increased involvement of cardiol- 
ogy faculty in training programs in general internal 
medicine and family practice is needed in the planning 
and execution of more effective educational programs. 
_ Although alternatives may be feasible, these goals will 
-best be achieved in an academic medical center or af- 
. filiated large community hospital with adequate re- 
sources. 
— Training of the internist: The internist destined for 
 acareer in general medicine must be prepared to man- 
age the vast majority of patients with routine cardio- 
vascular problems. He must be trained in the diagnosis 
and management of entities such as hypertension, stable 
angina pectoris, uncomplicated myocardial infarction 
and simple arrhythmias. In addition, he must be taught 
certain technical skills for diagnosis and treatment of 
acute life-threatening disorders, for example, the 
placement of temporary transvenous pacing catheters 
or Swan-Ganz catheterization. Effective training in 
clinical electrocardiography, the role of the coronary 
care unit and experience in clinical consultation is es- 
sential. Increased emphasis on prevention and reha- 
 bilitation programs should be stressed. The standards 
set by the American Board of Internal Medicine for 
training in general medicine should allow adequate 
flexibility for program directors, in collaboration with 
- faculties in cardiology, to determine the optimal extent 
of cardiac experience in their programs. Because of wide 
variation in the organization of training programs, 
specific guidelines cannot be spelled out. However, the 
relation between training experience and ultimate level 
-of patient need for competent care in subsequent 
practice must be recognized. 

In internal medicine programs not affiliated with 
university centers, the practicing cardiologists must 
assume responsibility for cardiologic input into the 
curriculum. However, where feasible, university medical 
centers should stimulate the development of affiliations 


based on acquisition of full-time faculty, and become 
directly involved if the training program is to be of high 
quality. This can occur only if high standards of care and 
academic activity can be provided in the nonaffiliated 
hospital. 

The certifying examination of the American Board 
of Internal Medicine should reflect the incidence and 
nature of cardiovascular problems in clinical practice. 

Trainimg of family physicians and relation of 
cardiology faculties with departments of family 
practice: The faculties in internal medicine and car- 
diology must share responsibility for the quality of 
cardiovascular training in family practice programs. 
This responsibility may require acceptance of trainees 
into departments of medicine for varying periods of 
time, or provision for supervision of training in the 
family practice educational program. There should be 
collaboration with family practice faculty to provide 
appropriate instruction for residents in family practice, 
especially directed toward prevention of and screening 
for cardiovascular disease. 

Since a prominent objective of family practice pro- 
grams is the provision of care with a high degree of 
continuity, coordination of such programs with other 
available health services should be emphasized. This 
can occur only if there is a spirit of cooperation between 
cardiology training groups and family practice pro- 
grams. 

Cardiologic training for nurses: Because of the 
varied character of undergraduate nursing programs, 
most cardiologic support for training of nurses will be 
at the eontinuing education level. The cardiologic 
community must continue to serve as advisors con- 
cerning the content of curricula for training critical care 
nurses. The medical professional societies have a re- 
sponsibility to assist the nursing profession achieve 
these curricular goals. 

Training for physicians in fields other than in- 
ternal medicine or family practice: A basic under- 
standing of certain cardiovascular problems is the re- 
sponsibility of every physician, particularly those in 
fields such as anesthesiology, surgery and obstetrics. 
Such physicians must be prepared to recognize acute 
cardiovascular catastrophes such as cardiopulmonary - 
arrest as well as less severe events that require man- 
agement by or consultation with a cardiologist. The 
groundwork for these skills begins with medical student 
training, but academic cardiologists must assume some 
responsibility for aiding graduate training programs in 
these specialties. Once again, a positive approach to 
interaction with other academic departments, whose 
patients may have cardiovascular problems, is essential. 


Recommendations 


1. Cardiologists should participate in the planning 
and execution of cardiovascular training programs, re- 
gardless of the parent department of the trainee or the 
location in which the training occurs. 

2. At all levels of training there should be increased 
emphasis on preventive and rehabilitative aspects of 
cardiovascular disease. 
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3. The3 year training program in internal medicine 
should prepare the internist for the competent care of 
the large majority of cardiovascular disorders. This will 
include training in certain procedures needed for acute 


or emergency care. 


4. There should be an outgoing positive approach by 
the cardiologic community toward training those in 
other disciplines to manage cardiovascular problems. 


The Cardiac Specialist (Clinical Cardiologist) 


Definition: The cardiac specialist is an internist with 


special knowledge and training in cardiology who spends 


at least 75 percent of his time in cardiovascular medi- 
cine, including patient care, teaching and research. He 
is considered a consultant in cardiovascular disease by 
his peers, and his professional activity is largely con- 
sultative in nature. Within this group there are two 
categories: those who are primarily clinically based, 
although many possess expertise in noninvasive pro- 
cedures, and those who are primarily based in hemo- 
dynamic laboratories. In many instances the cardiac 
specialist possesses several skills. These statements also 
apply to the academic cardiologists, but the latter are 
separated from this group by their major commitment 
to teaching, research and training of other cardiologists. 

'The candidate should have 3 years of training in 
general internal medicine in an approved program so 
as to become eligible for certification in internal medi- 
cine. 

Training in cardiovascular disease: All cardiac 
specialists should have at least 2 years of training in an 
approved program. A core curriculum should include 
training in the following: 


l. First year: 

a. Clinical bedside cardiology, consultations, outpatient 
work, medical aspects of cardiovascular surgery, 
and critical cardiac care. 

b. Hemodynamic measurements: indications for cardiac 
catheterization and interpretation of hemody- 
namic data; insertion of Swan-Ganz catheters and 
cardiac pacemakers and right heart catheteriza- 
tion. 

c. Coronary care unit. 

d. Graphic methods, particularly electrocardiography. 

e. Cardiovascular pathology, pharmacology and phys- 
iology. 

f. Optional programs in pulmonary disease and pul- 
monary aspects of heart disease, hypertension, 
peripheral vascular disease, pediatric cardiology, 
epidemiology and cardiovascular radiology. 

2. Second year: 

a. For hemodynamic laboratory specialists: 1 year or 
more in the invasive laboratory, including training 
in left heart catheterization, selective coronary 
arteriography, angiography. 

b. For others: experience in the following (may include 
limited hemodynamic laboratory training as well): 
Dynamic electrocardiogram (Holter monitor); 
exercise electrocardiogram; echocardiography; 
hypertensive disease; coronary care unit; epidem- 
iology and biostatistics; rehabilitation; lipid me- 
tabolism; renal disease; nuclear medicine; periph- 
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eral vascular disease; preventive heart disease; 
electrophysiology, including His bundle electro- 
cardiography; and research (participation in re- 
search is encouraged but not required; research 
seminars are recommended; the ability to interpret 
research is important). 


Cooperative arrangements should be developed by 
institutions that cannot offer training experience in all 
of the desired elements of the recommended program. 

In some areas an adequate pool of physicians trained 
in invasive hemodynamic techniques may now be 
available. The training program directors should take 
this into consideration in planning their own program. 
On a national basis, certainly no more than half of all 
current cardiovascular trainees should plan to become 
cardiac specialists in hemodynamic and angiographic 
laboratories. ae 


Recommendations 


1. Approval of a program for internal medicine 
should not signify automatic approval for training in 
cardiovascular disease. A mechanism should be sought 
for the review and approval of programs for training of 
the cardiac specialist by the Residency-Review Com- 
mittee of the American Medical Association. 

2. Cardiology training program directors should re- 
view the current local and national needs for cardiac 
specialists and so advise their trainees in their selection 
of career goals. | 

3. Feedback to program directors from the Subspe- 
cialty Board of Cardiovascular Disease of the perfor- 
mance of their trainees in the various components of the 
examination will aid in strengthening training programs 
in the future. Yu 

4. When possible, hospitals should select and appoint 
qualified cardiac specialists as physicians in charge of 
electrocardiographic interpretations, echocardiography, 
coronary care units and hemodynamic laboratories. 


Internist-Cardiologist 


The internist-cardiologist should be trained in in- 
ternal medicine in a 3 year approved program. His ad- 
ditional training in cardiovascular medicine should 
consist of the 1 year core curriculum program described 
for the cardiac specialist. This physician might not serve 
as a consultant or as a cardiac specialist in a large urban. 
community or in a medical school environment. How- 
ever, in communities of small or moderate size, a phy- 
sician in this category could fill a needed role as director 
of a heart station or coronary care unit and as cardio- 
vascular consultant to physicians practicing in these 
institutions. Unless these physicians function in an 
environment where there is a continuing learning ex- 
perience, they may eventually fail to provide adequate 
services. Hence, a continuing interaction with cardiac 
specialists is to be encouraged. 


The Academic Cardiologist Do E 


The academic cardiologist should be a well trained 
clinical cardiologist and should ordinarily be the prod- 
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uct of an approved training program that includes the 
fundamental background outlined for the cardiac spe- 


. cialist. 


Training: The academic cardiologist is a physician 


(MD) who may or may not have additional qualifica- 
- tions in basic science (MS, PhD). After the basic 


um 
pe 
S 


— training described for the cardiac specialist, there 


should usually be further academic differentiation for 
1 or more years. In addition to this training, involvement 
in a research program and exposure to basic science are 


- important. In particular, the academic cardiologist re- 


- quires training in the structure of research and in the 


scientific philosophy of the development and conduct 
of experimentation in the laboratory, at the bedside or 
— in the setting of ongoing clinical trials. This training may 
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i - sciences, mathematics, 


include formal course work alone or in combination with 
T . experience in biostatistics and epidemiology, physical 


pathology, physiology and 


ce _ pharmacology. It might also include special training or 


experience in educational techniques. An academic 


cardiologist should have the training that will permit 
— him to bridge the gap between basic science and clinical 
— cardiology. 


The training programs for academic cardiologists 


- should be conducted in an academic environment where 


there is a broad-based cardiovascular program that in- 


= cludes as a minimum, basic medical sciences, biosta- 


E 


tistics, cardiovascular surgery, radiology, pathology, 
. nuclear medicine and an approved training program in 
internal medicine. 


Responsibilities: An academic cardiologist may 


. participate in a variety of scholarly activities that in- 


i 


odere research and teaching. He should spend sufficient 
- time in clinical cardiology to maintain clinical skills and 
~ perspectives. His background of training should permit 
— him to interpret and apply advances in basic science to 


f clinical practice and to teach the pathophysiologic basis 
__ of cardiovascular disease. By virtue of training and re- 
`- search endeavors, he should bring many of the new 


"v 


. advances developed through basic and clinical research 


to the clinical arena in cardiology. He will have consid- 
erable educational responsibilities that will probably 


. include teaching the cardiac specialist as well as 


eda general internal medicine at the undergraduate 


. and graduate levels and in continuing postgraduate 


' education and family practice programs. He will often 
_ collaborate i in interdisciplinary teaching in the under- 
. graduate medical school curriculum. 
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Recommendations for Academic ; Cardiology 


There was a critical shortage of academic cardiologists 
in 1972-1973,*5 and there is reason to believe that this 
shortage has become more acute since the time of the 
original manpower report. This has primarily been due 
to a reduction in support for cardiology training pro- - 
grams but, more important, seems to be a consequence 
of instability and uncertainty of research support and 
the relatively low personal financial return to the aca- 
demic cardiologist compared with the cardiologist in 
private practice. The financial rewards, facilities and 
resources now available for the physician entering pri- 
vate practice of cardiology are substantial. Accordingly, 
many who complete training programs and would or- 
dinarily enter academic cardiology now enter full-time 
private practice. 

Recruitment of physicians with primary career goals 
in clinical investigation is critical.’ In fact, continued 
progress in biomedical research is contingent on the - 
participation of scientists from many disciplines in the 
solution of the complex problems of cardiovascular 
disease. 

The following recommendations are made in order . 
to enhance the number of highly qualified physicians 
selecting academic cardiology as a desired career goal. 
Because of the small number of available positions in 
both relative and absolute terms, this recommendation 
will not substantially reduce the number of cardiologists 
entering practice. 

1. Adequate support during training should be pro- 
vided for those willing to commit themselves to a career 
in academic cardiology. 

2. Academic institutions will need to provide more 
adequate financial incentives for academic cardiologists. 

3. Long-range and more stable funding of biomedical 
research is needed for academic cardiology. 

4. Training in invasive methods for persons planning. 
to enter private practice should be deemphasized. 
Therefore, academic training programs should be re- 
directed to provide a wider range of opportunities in 
newer disciplines, such as rehabilitation, nuclear car- 
diology and noninvasive techniques. 

5. 'There is a need to develop more academic cardi- 
ologists who are expert in such new techniques as 
echocardiography and nuclear cardiology. 

6. Financial support for the academic cardiologist 
and his goals is considered a proper responsibility of the 
federal government. 
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Task Force IV: Evaluation of Professional Competence 


WENGER (Chairman), NOBLE (Cochairman), BURG, CAMPBELL, CRAIGE, EICH, KOHN, SAUNDERS, TAYLOR, WEISSLER 


This proposal is designed to assess the factors necessary 
to maintain and improve cardiovascular professional 
performance and to provide patients with some assur- 
ance of physician competence. 'The American Board of 
Internal Medicine (ABIM) and the Subspecialty Board 
of Cardiovascular Disease (ABIM-CV) have made great 
efforts to test clinical competence with use of written 
and oral examinations. However, the testing of quality 
of cardiovascular care has yet to be accomplished. The 
following discussion and recommendations are based 
on a prospective approach to the evaluation of profes- 
sional competence in cardiovascular disease. 

Three groups of physicians provide care for patients 
with cardiovascular disease: 


l1. Primery care physicians: These physicians provide 
primary cardiovascular care to patients—that is, prevention, 
treatment and rehabilitation. They do not receive specific 
training in cardiovascular disease over and above that pro- 
vided by their conventional training programs. Primary 
physicians include general practitioners, specialists in family 
practice and general internists. Other groups of physicians 
such as emergency room physicians and anesthesiologists also 
provide cardiovascular care. This Task Force will not attempt 
to evaluate the competence of these other physicians, except 
insofar as designing and evaluating training programs is 
concerned. 

2. [nternist-cardiologists: For the purpose of this analysis, 
the internist-cardiologist is defined as a physician who func- 
tions both as a primary care physician and as a consultant to 
other generalists for cardiovascular problems. He is certified 
by the ABIM and has demonstrated expertise in clinical car- 
diology. Often, he has had training in cardiovascular disease 
over and above that provided in many residency programs in 
internal medicine. 

3. Cardiac specialists: Clinical cardiology consultants and 
teachers of cardiology are included in this classification. These 
physicians function principally as consultants but may pro- 
vide some primary care. Their training, which is sufficient to 
permit certification by ABIM-CV, provides them with special 
expertise in cardiovascular disease. They may or may not be 
trained in or use special techniques in cardiology. 


For each of these three groups the assessment of 
competence should include: 


1. Evaluation of training programs. 

2. Evaluation of the person during his training ex 
perience. 

3. Appropriate specialty or subspecialty certification 

4. Evidence of continuing education. 


Limitations of the Current Evaluation System 


Several factors seriously limit the capacity to evaluat« 
professional competence and, as such, restrict the rec. 
ommendations that can logically be proposed at thi: 
time. These factors include: 


1. The relative competence of physicians who have been 
assessed by current evaluation procedures (such as board 
certification) has not been contrasted with that of physicians 
who have not submitted to the examination process. No in- 
formation is available concerning persons who have not sub- 
mitted to the process. 

2. Although the board examinations certify initial com- 
petence, no information is available as to whether they assure 
continued competence. 

3. No consistent approach to evaluation of cardiovascular 
training programs or of trainees in programs has been devel- 
oped. 

4. There is no generally available means for evaluation or 
certification of competence in specialized cardiovascular ac- 
tivities. 

5. Peer assessment of physician performance in the am- 
bulatory care setting as well as in the hospital must await 
development of valid instruments of measurement, preferably 
outcome-oriented. While the retrospective review aspect of 
Peer Standards and Review Organizations may provide an 
index of competence, it is as yet of unproved value in the 
general assessment of physician competence. Legal problems 
of privacy of patient records must be clarified before universal 
application of record review can be considered. 


General Principles for Evaluation of Training 
Programs 


A major determinant of the quality of clinical com- 
petence is the quality of the person's teacher and his: 
training experience. The accreditation of cardiovascular 
training programs on a nationwide basis is hence a direct 
means of ensuring clinical competence among persons 
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aspiring to professional expertise in cardiovascular 
medicine. The evaluation of clinical competence 
throughout the training experience provides a critical 
means of testing the progress of such expertise. 


General Principles for Evaluating Clinical 
Competence 


. The methods used to assess physician competence 
should be prepared by peer experts and should be rel- 
evant to the clinical practice of medicine. In addition, 
they should be reliable (that is, provide reproducible 
information) and should be valid (that is, accurately 
assess competence). Finally, they should provide feed- 
back to participants, teachers and directors of training 
programs of cardiovascular disease, and accrediting 
bodies. 
Recommendations 


1. A system should be developed to evaluate and 
accredit programs in cardiovascular medicine designed 
to train the cardiac specialist. This system would de- 
pend upon the establishment of national standards for 
cardiovascular training. The system should be devel- 
oped through the cooperation of ABIM, the American 
College of Cardiology, and the American Heart Asso- 
ciation. Residency review committees in internal 
medicine would assume responsibility for assuring the 
education of competent internist-cardiologists. Resi- 
dency review committees in family practice or in other 
primary care specialities should assume responsibility 
for assuring the education of primary care physicians 
in the prevention, management and rehabilitation of 
patients with cardiovascular problems. It is further 
suggested that optimal training in cardiovascular 
medicine for the noncardiac specialist would best be 
provided by cooperative arrangement with approved 
cardiovascular training programs. 

~ 2. Objective methods of evaluation should be de- 
veloped for use by approved programs to assess the day 
to day performance of residents and fellows involved in 
the care of patients who now have or might later have 
cardiovascular problems. 

. 3. Prospectively all physicians who provide cardio- 
vascular care should be certified by the appropriate 
‘specialty or subspecialty boards. Thus, the cardiac 
specialist should be certified by ABIM-CV, the inter- 
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nist-cardiologist by ABIM (and he will have received 
additional training in cardiovascular disease) and the 
family practitioner by the American Board of Family 
Practice. 

4. Standards are needed for certification of compe- 
tence in specialized diagnostic activities such as: (a) 
electrocardiography; (b) noninvasive techniques, in- 
cluding stress testing, echocardiography and graphics; 
(c) invasive procedures, including cardiac catheteriza- 
tion, angiocardiography and insertion of pacemakers; 
and (d) supervision of coronary care. These standards 
may be used by hospitals and chiefs of service to delin- 
eate and determine staff privileges. Standards and 
testing of competence in cardiovascular procedures are 
currently under development by professional societies. 
For instance, such standards are being developed by the 
American College of Cardiology, and exercise testing 
standards by the American Heart Association. These 
should be used as they are developed. Whereas national 
standards apply to some procedures (cardiac catheter- 
ization and cardiovascular surgery), local standards 
must determine competence for other activities such as 
supervision of coronary care. The standards, once de- 
veloped, would apply equally to cardiac specialists, in- 
ternist-cardiologists and primary physicians. Evidence 
of continuing competence in these specialized activities 
is expected. 

5. A formal recertification examination is not now 
recommended. It is hoped that formal reassessment of 
professional competence will become unnecessary with 
implementation of the previous recommendations. 
Evidence of continuing education through personal 
reassessment, self-assessment examinations and par- 
ticipation in continuing education programs will allow 
the certified graduates of accredited training programs 
to maintain the high standards of medical care for which 
they have been equipped. 

The Task Force is unaware of evidence of widespread 
suboptimal cardiovascular care delivered by cardiac 
specialists. In addition, there is no solid evidence that 
a recertification examination maintains clinical com- 
petence. Rather, it is recommended that a study be 
designed to determine the continued clinical compe- 
tence of board-certified cardiac specialists over time. 
The results of this study would either support or refute 
the logic of the proposed recommendations. 
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Task Force V: Efficacy of Cardiovascular Manpower Utilization 


ESTES (Chairman), McINTOSH (Cochairman), BROWN, CASTLE, FARBER, KNOSS, OSEASOHN, TODD 


In approaching its assignment, this Task Force has as- 
sumed that the primary recipients of its recommenda- 
tions will be the leaders in cardiovascular training, the 
members of relevant specialty boards and representa- 
tives of present or potential funding sources for car- 
diovascular manpower training. The aim of the Task 
Force was to define the efficient cardiologist and to 
describe the system that would be most conducive to 
efficient use of trained cardiovascular manpower. It 
defined efficiency as the state or quality of performing 
in the best possible and least wasteful manner. 

The Task Force recognizes that efficiency alone is not 
adequate; cardiovascular services must be of high 
quality and must contain a humanistic element. How- 
ever, the assigned task was to define manpower utili- 
zation from the efficiency perspective, and this has been 
the approach used. 

The group clearly recognizes that its conclusions rest 
on assumptions that go beyond cardiovascular training 
and involve the whole health manpower and health care 
delivery system. Of particular importance are the flow 
of funds and the nature of reimbursement systems. The 
group also realizes that the cardiologist interacts with 
the generalist, the surgeon, the radiologist and many 
other persons dealing with cardiovascular problems. 

As a first step, the Task Force considered the defi- 
nition of a cardiologist. A cardiologist is defined as a 
physician who is recognized by himself and his peers as 
possessing unusual knowledge and skill in the diagnosis 
and treatment of cardiovascular disease, and who is 
frequently utilized by other physicians through referral 
of difficult or unusual cardiovascular problems. His 
knowledge and skill are usually obtained through a 
special training program leading to subspecialty board 
certification. Next, the group made several assumptions 
upon which the later discussion and conclusions are 
based. These assumptions follow. 


Assumptions 


1. The most efficient utilization of a cardiologist 
would require that the great majority of his practice be 
devoted to cardiovascular disease and that most of his 
patients be referred by other physicians. 

2. Such an arrangement can exist only in a system in 
which there are adequate numbers of first contact 
physicians and in which each of these physicians is well 
trained in handling most of the common cardiac prob- 
lems faced by their patients. 

3. Cardiologists should be concerned with and in- 
volved in the training of primary care physicians. 

4. Payment systems for cardiovascular services must 
be revised to encourage changes in referral patterns and 
more reasoned utilization of services. Certain poor 
patterns of cardiovascular manpower utilization can be 
blamed on factors related to payment. For example, too 
much value is currently placed on the performance of 


technical procedures, as opposed to exercise of judg- 
ment and clinical decision making. 
5. Cardiologists, as defined herein, should not have 

primary responsibility for tasks such as the prevention 

of heart disease, elimination of risk factors, treatment. 
of mild hypertension, and the like, but instead should 
focus on teaching and supporting other health care 
personnel more suitable and more capable of educating 

and obtaining patient compliance.'? 


Definition of a Cardiologist 


'The Task Force accepts as fact the statement that a. 
person who completes an excellent training program in 
cardiology must utilize these skills continually and 
repetitively in order to maintain them at a high level. 
For this reason, the Task Force believes that cardiology 
training programs should be utilized to train the con- 
sultant cardiologist rather than to train the internist 
with a special interest in cardiology. | 

It is highly unlikely that sufficient practice of these 
skills could result from experience with cardiovascular 
problems arising from a single adult medical practice 
of the primary care type. These considerations lead to 
the conclusion that one should aim to produce a con- 
sulting cardiologist who receives referrals from many 
physicians and internists and returns these patients to 
the first contact physician for continuing care. | 

The Task Force recognizes the subtle pressures that 
cause the cardiologist to drift toward primary care and: 
believes that training programs should give attention 
to such matters. The general internist and family phy- 
sician should be taught to utilize properly a specialist, 
and the cardiologist should be more adequately in- 
structed in the behavior and habits desirable in a re- 
ferral specialist. In the past, fear of “losing” a patient 
and unwillingness to confess any gaps in knowledge and 
skills have delayed or prevented many referrals. 

It is recognized that the proposed definition would 
largely eliminate the internist-cardiologist from the 
ranks of recognized “cardiologists.” Some older aca- 
demic cardiologists would also fail to qualify. The re- 
maining physicians would be a relatively homogeneous 
group of persons who are continually exercising their 
judgment and skills and enlarging their experience 
through an active referral practice. Today there would - 
probably be about 2,000 to 3,000 such persons, younger 
in age and the products of formal training programs. 

In the cardiovascular manpower report. the Inter- 
nist-Cardiologist is described as providing general 
medical and cardiac care for most of his patients. He is 
described as functioning as a primary physician, but 
with more technical expertise in cardiovascular care 
than the generalist. This Task Force, from its perspec- 
tive on efficiency, questions the designation of such a 
physician as a cardiologist. The Task Force does not 
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Ms aining | programs in general internal medicine or 
family medicine that fail to provide sufficient cardiology 
trai i ing to Actomplish this goal should not be allowed 


; ability. for ttaitne such persons and should cooperate 
with those responsible for formal training programs in 
providing. necessary instruction in cardiovascular care. 
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hi opinion i is based on the nature of the patient load 


fr re Q juency of serious cardiovascular problems requiring 
tl ie skills of the “referral specialist” cardiologist. 
| ty primary care internist might handle up to 2,500 
active cases. Using data on the incidence of chronic 
cardiovascular disease from the National Health Sur- 
ey,? the Task Force calculates that from such a panel 
patients an average of about 1 case/week might arise 
hat would require the special knowledge and skill of a 
consultant cardiologist. At the same time, one would 
expect a large number of acute self-limited illnesses, 
pees affecting the upper respiratory tract. 

_ The main point to be gleaned from this rough calcu- 

ation i is that a true primary care internist, serving as a 

first contact physician for a group of patients, would see 

a large volume of noncardiovascular illnesses for each 
Rese of serious cardiovascular disease. It does not seem 
efficient to spend 1 or more years in training in order to 
c r e for the relatively small number of patients with 
serious cardiovascular disease, particularly since most 

such patients have problems that should be handled by 
a well trained general internist or family physician. 
E. SOM 





. An Example of Inefficient Manpower 
y veniópmen The Evolution of an Internist- 
Fete i Cardiologist 


n During the past 30 years, cardiologists and other 
medical subspecialists have been produced without 
sufficient numbers of generalists. These persons have 
gone into medical communities in which physician re- 
ferrals : are made and received, not with the intent of 
return of the patient, but with the intent of substitution 
[s a physician selected for the care of the major illness 
of ti ie patient. In addition, in order to survive, the be- 
inning subspecialist has provided services that should 
hi ve been handled by a generalist, such as conduct of 

neral preventive examinations and treatment of acute 
self-limited illnesses. 

_ The inevitable process then begins. Those patients 
previously seen for routine examinations or simple ill- 
‘nesses, and those referred for heart disease, continue to 
have the expected common illnesses—pneumonia, low 
back pain, influenza, urinary tract infections, and the 
like. Since these patients have no other physician, the 
young cardiologist must handle these problems as well. 
He does not do it efficiently, since primary care like 
cardiovascular surgery must be practiced daily for op- 
timal efficiency, but he does it reasonably well. 

Soon the cardiologist evolves from a subspecialist, 
constantly AEA hir Report skills i ina cónsultiig 
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proposes that . all general internists, as well as all general | 
physicians such as family physicians, be well trained in- 
a the cardiac problems of most of their patients. 
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Tole with his generalist peers, t toa besat iin a | 
mary care with a "long suit" ina subspecialty. The in- ed 


exorable demands of the primary care role make it in- 


convenient or impossible for him to upgrade his sub- E > 
specialty skills, which slowly degenerate. In time, he i T aeg 
indistinguishable from other primary care internists | 


although he may cling to the self-assigned designation 
of cardiologist. 


The following sections describe two prototypes that 


are easily identified in community and academic set- 





tings today, and can clearly be justified from the _ 


standpoint of efficiency of utilization. These two types 
are termed clinical consultant cardiologist and tech- 
nical consultant cardiologist in this report. 


The Clinical Consultant Cardiologist 


This physician can be described as the clinical partner | 


of the technical consultant cardiologist. He is the re- 
ferral physician for his community peers, and he is the 
functional leader in cardiovascular diagnostic and 
therapeutic procedures, teaching and cardiovascular 
intensive care. He generally lacks the ability to perform 
those highly technical tasks that require daily or weekly 
practice for maintenance of proficiency. Cases requiring 


such services are referred to the institutionally based — 


technical consultant cardiologist. 


This would appear to be the first level of physician | 


that would frequently meet the criteria for a cardiologist 
described earlier. It is this level that would appear to 
justify the expenditure of training time by the physician 
and public training funds by the educational institution. 
Since this physician frequently prescribes such proce- 
dures as cardiac catheterization and angiography, his 


training should include experience in these procedures, _ 


even though he himself may not maintain groboeaey 
in their performance. | 


The Technical Consultant Cardiologist _ 


The technical consultant cardiologist, who performs — 


the cardiac catheterizations and similar invasive pro- 
cedures, clearly acts as a consultant. If he is located in 


an area that needs his services, he clearly provides ser- _ 
vices that cannot logically be provided by other persons - 


in the system. From the standpoint of efficiency, his 


investment of time in training and society's investment | 


in his support seems justified. 
Some persons in this category are based in commu- 


nity medical settings and others in academic institu- — 


tions. In either setting, the category seems justified from . 
an efficiency standpoint. The Task Force clearly prefers. 


that this person possess breadth of knowledge and ex- 
perience in the handling of cardiovascular problems 


beyond those encountered in the cardiac catheterization j 


laboratory; therefore his training should include the 


entire spectrum of cardiovascular problems. 
Present Need for Cardiologists 


The Task Force considered various strategies for 
estimating the number of cardiologists, as defined, 


currently needed to meet reasonable requirements. As 
expected, these strategies yield a variety of estimates, 
but all fall in a range below that AEDA in the cong: raga 
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^ | T inehided i in the study to full-time equivalents, thus 
E obtaining an estimate of the current supply, and as- 
suming that this supply is reasonably close to the cur- 
rent need. Those physicians responding to the survey 
reported an average of 50.6 percent of time spent in 


d clinical cardiovascular care; therefore, the 10,691 car- 
. . diologists in active practice might be replaced by about 


half this number of cardiologists fully engaged in this 
activity. This estimate should probably be reduced, 
because most respondents probably included time spent 
in care of problems such as mild hypertension, which 
should be handled by family physicians or general in- 
ternists. On the other hand, the number might be in- 
creased somewhat to allow time for teaching activities. 
'Thus, this strategy yields an estimate of about 5,400 
cardiologists, as defined previously, required to meet 
current needs. 

Another strategy is to estimate the number of car- 
diovascular problems needing consultative advice that 


- might arise from an average population of 100,000 


people. Using prevalence data from the National Health 
Survey,’ and applying estimates of the percent of such 


patients requiring cardiology consultation (from the 


physician members of the Task Force), the group esti- 
mated that one consultant cardiologist would be able 
to handle the problems arising from a population of 
100,000. Thus, this strategy yields an estimate of about 
2,000 cardiologists. 

Still another strategy is to obtain estimates from 
practicing community internists. An informal survey 
of such a group by one Task Force member yielded es- 
timates that 1 consultant cardiologist would be needed 
for each 50,000 to 100,000 persons, or a total need of 
2.000 to 4000 cardiologists. 

The Task Force members agree that the need in a 
given setting might be drastically modified by other 
factors, such as the lack in a given area of generalist 


physicians capable of handling “ordinary” cardiovas- 


cular problems or a referral system that does not pro- 
mote the transfer of appropriate problems from the 


generalist to the specialist. However, all estimates seem 
_ to be considerably below those accepted and advocated 


in the cardiology manpower study.‘ 

Using the highest estimate, and increasing this by one 
third to allow time for teaching activities, one would still 
arrive at an estimate of about 7,000 cardiologists needed 


to meet all consultation needs. 


Training Programs 
The manpower report? indicates that there are 329 


| training programs offering at least 1 year of training in 
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a. These have an average of 4 trainees, dads an 
average of 4.6 full time and 3.7 part time staff members. 
Most programs are 2 year programs, and there is con- 
siderable variation in both size and content. These 
programs are producing about 800 trainees/year. 

The utilization of such a large training staff for so few 
trainees appears to be highly inefficient. It is realized 
that these staff members have other duties and are 
probably totally occupied with patient care or genera 
teaching duties, or both. However, from an efficiency 
standpoint, there would seem to be little justificatior 
in maintaining a program for one or two trainees. Mosi 
Task Force members believed that two trainees/year 
or a total of four trainees, was a minimal number; six wa: 
considered more reasonable. The published informatior 
regarding cardiovascular training programs indicate: 
that only 72 of the 329 programs had more than : si? 
trainees enrolled in the 1973-1974 year. 

The Task Force also recognizes that some curren’ 
programs have unfilled positions, that there are n 
recognized and published criteria for such programs anc 
that there is no active surveillance of the training ac 
tivities, facilities or staff. It concludes that more pro 
grams are available than are currently needed. EE 
Future Projections of Cardiology Manpower a 


As previously stated, it is estimated that dardiovas 
cular training programs now train 800 persons/year 
Most of these trainees are products of 2 year program 
and would qualify as consultant cardiologists as defined 

If this training rate were maintained, without furthe 
increase, and if one assumes an average active profes 
sional life of 25 years for each trainee, then in a few year 
we could expect a steady state level of 20,000 cardiolo 
gists. The Task Force believes that this is far in exces 
of the number needed. Using the highest estimate citer 
one could expect the projected need to be achieved b; 
a steady output of 300 cardiology specialists/year. 


Recommendations Re 
2 

1. The number of cardiovascular trainees should b 
reduced to produce about 300 trained cnEQuoI EM 
consultants/year. 

2. The number of cardiovascular training program 
should be reduced sharply through careful residenc 
review and by careful examination of programs tha 
remain unfilled or are of less than efficient size, or botk 

3. Accredited cardiovascular training program 
should be 2 years long, with each type of consultan 
cardiologist receiving training in the disciplines an 
techniques of the other. 
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: Task Force VI: Evaluation of Quality of and Access to - 


LEWIS (Chairman), MESSER (Cochairman), BAROFSKY, BEALL, BLACKBURN, BUNKER, CLAFLIN, GESSNER, SEUBOLD, 


The charge to this Task Force is somewhat different 
from that of the other five. Other groups have focused 
on the study of cardiovascular manpower and the edu- 
cation, training, distribution and efficiency of cardiol- 
ogists. In contrast, this group was charged to examine 
the quality of and access to cardiovascular care. As such, 
the focus was not directed primarily at cardiologists, but 
rather the services provided to patients with cardio- 
vascular problems. 
.. The group began by recognizing that the manpower 
‘study involved only physicians listing themselves as 
cardiologists. It is estimated that these persons provide 
10 to 15 percent of all care for patients with cardiovas- 
cular problems in the United States.! An initial as- 
sumption was made by the Task Force that its recom- 
mendations should be addressed not only to the care 
provided by cardiologists, but also to access to and the 
quality of cardiovascular care provided by all health 
professionals. 
. It was deemed important to begin by providing 
working definitions of terms or concepts central to the 
subject of this report, including the following: 

1. Cardiovascular care 
-= 2. Quality of care 

3. Access 

4. Regionalization. 

After the presentation of these definitions, this report 
attempts to identify problems related to access to and 
quality of cardiovascular care; to assess past and present 
efforts to deal with these problems and, finally, to rec- 
ommend actions for the future. 


Definitions 


l. Cardiovascular care: Cardiovascular care includes 
activities related to the diagnosis and treatment of problems 
related to the cardiovascular sy: tem as well as efforts directed 
to prevention of cardiovascular disease. This definition implies 
that cardiovascular care involves activities other than the 
diagnosis and treatment of disease. The activities include 
preventive and rehabilitation measures and the assessment 
of complaints referrable to the cardiovascular system that are 
not organic in nature. 

. 2, Access to care: Access implies both the utilization and 
the opportunity for utilization of services. It is appropriate 
to describe problems related to access in terms of barriers that 
inhibit access for individual consumers, as well as barriers 
related to the production or delivery of cardiovascular services. 
Among the former (patient-related) are costs of care and 
psychosocial factors resulting in delay in seeking care. Barriers 
to the provision of care include the number of practitioners 
available, their geographic location, the scope of services 
available to them (barriers that a physician may face in re- 
ferring a patient for more sophisticated evaluation or treat- 


ment) and psychosocial factors related to a physician's in- 
ability to promote patient compliance with recommendations 
for treatment. 

3. Quality of care: This has traditionally been measured 
in three ways”: (1) through examining the structural properties 
of the system/provider, that is, the accreditation of training 
programs and the certification of physicians; (2) analysis of 
the processes of care, or the review of the performance of 
physicians accomplished through medical care audits, explicit 
criteria review, and other practices; and (3) examination of 
the outcomes or end results of care. In each case standards or 
criteria have been established by *knowledgeable experts." 
In the past such assessments have generally been considered 
to be within the province of the profession rather than the 
public, but there is considerable evidence that in the near 
future laymen will be significantly involved in all three types 
of evaluations.? It should be noted that the processes of care 
are not necessarily associated with the outcomes of care, 
particularly when patient behavior is a significant determi- 
nant of outcome. | 

4. Regionalization: A regional system of care is charac- 
terized by (1) primary care units that represent the point of 
first contact for care of most patients; (2) secondary care fa- 
cilities, typically represented by community hospitals that 
serve as the first point of referral from primary care activities; 
and (3) a tertiary facility, typically a university hospital or an 
institution affiliated with an academic health center that 
provides the ultimate in sophisticated facilities agd resources 
necessary for diagnosis and treatment of those relatively few 
patients who require this level of care. A “region” is therefore 
characterized by the presence of a system involving these three 
interacting levels of care, rather than by a defined geographic 
or political unit; that is, in some areas only a few census tracts 
may constitute an adequate population base and set of re- 
sources for a region, whereas in others, an entire state might 
represent one regional system. 


Access to Cardiovascular Care 


The problem: A variety of studies have indicated 
that access to cardiovascular care is not adequate for all 
subgroups of the population. This is related to several 
factors including the lack of a regional system for car- 
diovascular care, unequal geographic distribution of 
cardiologists, unequal ability of individual patients to 
pay for care, the delay of patients in seeking care in the 
face of symptoms, the lack of interpersonal communi- 
cation among physicians, and underutilization by 
physicians of new types of health manpower. 


Factors 


A. The lack of a regional system of care that provides 
patient care at appropriate levels of need 


Assessment: The concept of regionalization is not 
new.? However, a variety of approaches to creating re- 
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gional systems have not been successful. For example, 
the initial report of the Commission on Heart Disease, 
Cancer and Stroke recommended the establishment of 
regional systems of care for patients with these disor- 


— ders. However, the legislation created a program con- 


cerned primarily with professional education. The past 
history of Regional Medical Programs suggests they 
were not effective in encouraging regionalization.® 

The Comprehensive Health Planning Act (Public 
Law 89-749) was passed to implement planning for 
health services at the state and local levels. It proved 
largely ineffective for a variety of reasons, including 
underfunding and the absence of any real delegated 
authority to “enforce” or encourage such endeavors.’ 

Public Law 93-641, requiring the designation of 
health service areas and subsequent regional planning 
activities, is the most recent legislative effort to achieve 
this goal. If this attempt fails, further efforts toward this 
goal may involve direct federal regulation of facilities 
and resources. There is some evidence that federal 
regulation may have adverse consequences for all con- 
cerned.® 


Recommendation: It is essential that the American 
College of Cardiology and the American Heart Associ- 
ation collaborate in efforts to implement the objectives 
of Public Law 93-641. We are not overly optimistic 
about the success of any intervention designed to pro- 
duce “regionalization.” However, support of this pro- 
gram is important in an effort to avoid direct govern- 
mental control and regulation with their possible ad- 
verse consequences for patients as well as practitioners. 


B. The geographic distribution of cardiologists 


Assessment: Although the manpower study reveals 
an unequal distribution of cardiologists, this inequality 
in itself may not have adverse effects or may not be 
amenable to any “intervention” short of involuntary 
conscription. It is not surprising to find cardiologists 
located near large health care centers where necessary 
resources are available for complex diagnostic and 
therapeutic procedures. 

There is little evidence to suggest that a variety of 
techniques employed to influence the geographic dis- 
tribution of physicians in general, including loan-for- 
giveness,? preceptorships!? or increasing their numbers 
(annual output!!), have been effective or would be in the 
case of cardiologists. However, cardiologists do have the 
responsibility of increasing access to cardiovascular care 
by improving the ability of noncardiologists to provide 
these services. 

Recommendations: 1. Cardiologists should assume 
increased responsibility for the cardiology content of 
training programs for general internists and family 
practitioners since it is unlikely that efforts to redis- 
tribute physicians with formal cardiovascular training 
will significantly affect access to cardiovascular care. 

2. There should be exploration of approaches other 
than bringing the cardiologist to the patient, such as 
transportation systems for patients, application of 
computer technology, establishment of electronic- 
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communication linkages with remote sites and prep: 
ration of certain patient groups for increased self-cai 

3. The exchange of faculty and students with pra 
titioners is proposed as a possible means of encouragin 
the location of new graduates in certain areas, and 
realistic means of upgrading practitioners' performanc 
especially with reference to the management of certa 
urgent cardiovascular problems such as arrhythmi: 
and cardiogenic shock. This might also promote a] 
propriate referral patterns. | 


C. Inability of individuals to pay for care 


Assessment: Legislation to date has created inad 
quate coverage under various health insurance pri 
grams.!? Inability to pay should not affect access to car 

Recommendations: It is uncertain what futu) 
changes may occur in governmental financing of car 
Although members of the Task Force held divergei 
views about the relative merits of different approach: 
to financing, it was agreed that future financing pr 
grams should create the means for promoting quali 
of care and more appropriate use of resources. 


D. Health-related behavior patterns of patients 


Assessment: Failure to seek care in the face of si 
nificant symptoms, overutilization of care for no 
biologic problems and noncompliance with recor 
mendations for treatment are all barriers to access 
care. Studies have demonstrated that up to 20 perce 
of persons delay in seeking care,'? that 10 to 15 perce 
of persons (without serious medical disease) in a po 
ulation account for 50 percent of all visits to the doctoi 
and about 30 to 40 percent of patients comply wi 
prescribed therapeutic regimens!5; nevertheless, fi 
physicians are aware of these data or have methods f 
dealing with these phenomena. 

Although health education has been promoted a: 
means of correcting these problems, evidence sugge: 
that such efforts have generally been ineffective.!6 La 
of knowledge by patients has been shown to be uni 
lated to these problems.!? 

Recommendations: 1. The level of physici 
awareness of these factors should be increased throu 
input into professional training programs. 

2. Research should be supported and encouraged 
describe further the variables related to these patter 
of behavior, and also to test by clinical trials propos 
interventions to alter these barriers to access. It is su 
gested that changing the roles of patients, that is, 1 
creasing their responsibility for decision-making. 
processes related to their own care, might be an effecti 
strategy to test in this regard. | 

3. Health education efforts should be continued wi 
emphasis on training children and young adults in a 
equate cardiovascular self-care (for example, traini 
about diet, smoking, exercise). In addition, attemy 
should be made to provide physicians (and other heal 
care personnel) with the skills of promoting patie 
responsibility for health and self-care rather than li 
iting educational efforts to provision of knowledge abc 
cardiovascular disease and its care. 
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p Behavior of prijéiciane i 

Assessment: Two aspects of physician behavior 
vinder access to care. One is deficient diagnostic acu- 
nen. The other is inability to communicate with pa- 
ients, other physicians and other health professionals. 
Problems i in communication with other physicians in- 
1ibit appropriate referral patterns. 
. Recommendations: 1. Consideration should be 
iven to including newly developed methods for as- 
essing communications and interpersonal skills as part 
Xf the selection process of students for medical school, 
is soon as these are determined to be valid and reliable. 
. 2. The teaching of these skills should be required as 
lint of the curriculum in all medical schools, as well as 
vostgraduate training programs for all physicians. 

. 3. Intradisciplinary communication (among inter- 
lists, cardiologists, and cardiovascular surgeons) should 

e encouraged to promote appropriate utilization of 
esources, thus affecting access to cardiovascular care. 


2 New types of health manpower 


- Assessment: In considering requirements for man- 
ower at any level it is important to separate manpower 
quirements for the performance of certain specific 
ervices from the general manpower requirements for 
t certain discipline. In other words, surgeons should be 
rained because there is a need for more surgeons, not 
jecause existing surgeons need assistants. The latter can 
e prepared to perform a limited set of technical func- 
ions at lower cost and without the concomitant pro- 
luction of more surgeons. 
. Access to cardiovascular care can be increased by the 
ippropriate utilization of new types of health man- 
'ower. There have been many changes in state laws 
overning the practice of physician assistants and nurse 
ractitioners!? but there are no national standards for 
uch legislation or, in the case of nurse practitioners, for 
ccrediting training programs or certifying graduates. 
"aramedics and emergency medical technicians rep- 
esent another source of cardiovascular care. Although 
here is considerable evidence of the acceptance by 
iatients of these new practitioners,!? their utilization 
y physicians is variable.?° 

. Recommendations: 1. Further steps should be taken 
0 improve awareness and acceptance by physicians 
often through personal experience) of these practi- 
ioners. 

5:9. (CIO, in cardiopulmonary resuscitation should 
le encouraged for all groups (professional and lay). 

. 8. Technicians should be prepared to assume service 
oles whenever it is clear that the use of physician- 
rainees for such roles is not indicated to increase the 
uture supply of manpower in a specific specialty. 


Eoi Med Quality Assurance 


“The problem: The current level of quality of car- 
liovascular care in the United States is not commen- 
urate with the level of knowledge available. This is 
elated to several factors including the lack of effective 
nechanisms for quality assurance, patient behavior, 
yhysician behavior, rapid dissemination of technical 
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MN. and tnsdsaliate training. ind utilization o 


support personnel. 


Factors 


A. Lack of effective quality assurance mechanisms 
capable of altering physician behavior 


Deficiencies exist in standardized criteria for teaiin 
programs for providers of cardiovascular care and per- 
formance criteria for practitioners of specific functions, 
such as electrocardiographic interpretation, cardiac 
catheterization and angiography and coronary care. 
Although recommendations exist,?!:2? there is a lack of 
enforceable standards for facilities necessary to the 
provision of acceptable cardiovascular care. 

Assessment: Existing legislation creating Peer 
Standards Review Organizations and Health Service 
Areas appears inadequate to assure quality cardiovas- — 
cular care without active cardiovascular professional 
participation. Eligibility for recertification and licensure 
based upon evidence of receipt of didactic instruction 
alone is considered inadequate as a quality assurance 
mechanism.?? 

Recommendations: 1. The American College of 
Cardiology should support research and development 
of new methods for quality assurance. Direct physician 
incentives to participate must be emphasized, including 
the use of mechanisms involving payment for profes- 
sional services. 

2. The American College of Cardiology should | 


stimulate the development of multidisciplinary practice — 


groups and other professional organizations for the 
provision of health care, since such arrangements may 
encourage the implementation of internal incentives, 
continuing education, intrasystem communication, 
accountability and the assembly of optimal components 
for the provision of quality cardiovascular care. 24 

3. Public participation in the assessment of cardio- 
vascular care should be encouraged. Public awareness 
of optimal training and facilities for cardiovascular care 
should be fostered. 

4. Educationally accredited medical centers should 
assume major responsibility for continuing cardiovas- 
cular education in cooperation with the established 
professional organizational programs. | 

5. The American College of Cardiology should sup- 
port the certification of technical competence in special 
procedures such as cardiac catheterization, angiography, 
echocardiography and electrocardiography. 


B. Patient behavior, such as failure to comply with medical 
recommendations 


Assessment: No legislatively funded efforts exist to 
resolve this problem. A variety of patient education 
programs have been of variable, but minimal, success. 

Recommendations: 1. In addition to those recom- 
mendations included previously in item D under Access 
to Cardiovascular Care, physician awareness of this 
essential component of quality assurance requires em- 
phasis. ra 
2. Improved methods for modifying patient behavior _ 
should include more than a knowledge of health prob- 





lems, emphasizing patient awareness of personal re- 
sponsibility for and the positive benefits of compliance 
with physician recommendations. : 


C. Physician behavior 


Assessment: The willingness and ability of physi- 
cians to communicate with each other, with patients and 
with others in the health care system are essential to 
adequate cardiovascular care. 

Recommendations: 1. In addition to those recom- 
mendations included in item E under Access to Car- 
diovascular Care, methods must be developed to en- 
courage referral of patients to appropriate levels of care, 
including the acceptance of the possible economic im- 
pact of such referral practices. 

2. Methods must be improved for the transmission 
of patient-related and educational information among 
physicians within a regional health care referral net- 
work, utilizing currently available communication 
technology. 

3. Physician compliance with established manage- 
ment programs must be increased through improved 
awareness of current knowledge concerning risk/benefit 
ratios of various diagnostic and therapeutic techniques. 


D. Rapid dissemination of technical advances 


This should be accomplished after such advances 
have been adequately assessed and the criteria for their 
efficacy have been established. 


Assessment: Methodology for the evaluation and 
control of apparently promising medical devices and 
techniques is under consideration by various profes- 
sional organizations and regulatory agencies. Legislation 
similar to that regulating pharmaceutical products is 
of questionable value in this regard, although existing 
alternatives have proved variably effective and often 
overly restrictive.”° 

Recommendation: The evaluation of major new 
approaches to cardiovascular care using appropriate 
experimental design should be encouraged at the non- 
federal level through the development of multiinstitu- 
tional regional or national peer group review processes. 


E. Inadequate training and utilization of support personnel 
for cardiovascular care 


Assessment: Appropriate educational and regulatory 
guidelines are lacking for several categories of cardio- 
vascular support personnel including coronary care unit 
nurses, catheterization technicians and paramedics. 
Several organizations, including the Council on Medical 
Education of the American Medical Association, are 
attempting to deal with this problem, but they have had 
variable success. 

Recommendation: The American College of Car- 
diology should consider accepting responsibility for 
participation in curricular development, provision of 
educational facilities, accreditation and the continuing 
education of cardiovascular support personnel. 
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Summing Up 


| WALTER H. ABELMANN, MD, FACC 
Boston, Massachusetts 


FORREST H. ADAMS, MD, FACC 
Los Angeles, California 


Conference Cochairmen 


Here we shall attempt to summarize the highlights of 
the Conference, point up unresolved questions and also 
- indicate relevant areas that could not be included in the 
_ deliberations because of the constraints of time. 
. In his introduction and charge, Dr. Abelmann took 
a look back to the origin of cardiology and then tried to 
indicate future developments, predictions crucial to any 
. attempt to estimate manpower needs. Such predictions 
are at most approximate, and even a small error may 
- result in significant manpower shortage or overage when 
the long training period is taken into consideration. 
'Thus one might conclude that optimal candidates for 
training in cardiology are persons with strong back- 
grounds in the relevant natural physical and social sci- 
ences and technology, able and motivated toward a 
lifetime of continuing education and adaptation to new 
and changing needs. The Conference emphasized the 
number and distribution of persons needed, but did not 
consider the personal characteristics and premedical 
education desired or the goals or methods of recruit- 
ment of suitable persons into the field. 

Dr. Abrahamson then summarized the methodology 
used by the cardiology manpower study of 1971-3. The 
activities and views of cardiologists and the content of 
training programs were ascertained by means of ques- 
tionnaires, telephone surveys, and log-diaries. There 
followed a concise overview of the results of this study 
by Dr. Adams, summarizing the different types of car- 
diologists and their activities, their geographic distri- 
bution and their training. 

The Department of Health, Education, and Welfare's 
. views of the federal role in health manpower were suc- 
cinctly outlined by Dr. Dickson. He stressed the gov- 
ernment's responsibility as an agent of change, pro- 
viding incentives toward new and needed programs that 


— promise to be effective. He specifically discussed per- 


tinent pending legislation. 

In his keynote address, Professor Ginzberg, the dean 
of manpower studies, highlighted the vagaries of plan- 
ning for health manpower in an open society, wherein 
the consumer has the last word. Drawing upon his vast 
experience in this country as well as upon models pre- 
vailing elsewhere, he admonished the Conference to 
accept reality and the limitations within which planning 
must take place. 


Task Force 1 evaluated the cardiology manpower 
study in depth and expressed few reservations about the 
data base, which it considered generally valid. It be- 
lieved that the study had met its goals but expressed 
considerable reservation about projections of manpower 
needs based upon cardiologist to population ratios. The 
lack of data concerning noncardiologists, who deliver 
the majority of cardiovascular care, limits appreciation 
of the overall picture and ability to project future needs. 
The fact that significant time is devoted by cardiologists 
to clinical activities unrelated to cardiology suggests 
that cardiologists are underutilized. The task force 
considered unjustified the manpower study's conclusion 
that there is a shortage of cardiologists and suggested 
that additional data collection would be desirable. 

Task Force II concerned itself with the implications 
of variations in geographic distribution of cardiologists 
for cardiovascular health care. Whereas the cardiology 
manpower study documented unequal distribution of 
cardiologists, it failed to establish that this represents 
a maldistribution, that is, that cardiovascular health 
care is adversely affected. This task force strongly rec- 
ommended further studies to refute or substantiate the 
claim of maldistribution. Geographic and temporal 


differences in age, sex and race were considered of major ~ 


significance to cardiovascular health care needs. 
Ongoing evaluation of manpower requirements of car- 
diovascular care in relation to prevalence of cardiovas- 
cular disease was also recommended. This Task Force 
also addressed itself to the approaches available for 
correction of any local shortages in cardiology man- 
power and favored local initiative in partnership with 
the federal government. 

Task Force III directed itself to the education and 
training of cardiovascular health manpower, including 
the generalist, the clinical cardiologist and the academic 
cardiologist. The consideration that more than half of 
all major health care problems are of cardiovascular 
origin led to the strong recommendation that basic 
knowledge of cardiovascular disease be required of all 
physicians. Recent curricular developments, including 
greater choice during predoctoral training and the ab- 
olition of the internship requirement, point up the ur- 
gent need for an obligatory core curriculum in cardio- 
vascular medicine for all physicians. The level of 


knowledge and expertise that should be expected of the 
general physician and the cardiac specialist was defined, 
and the necessary training toward this end delineated. 
It was recommended that both clinical and academic 
cardiologists accept responsibility not only for training 
cardiac specialists, but also for a role in the training of 
internists and generalists in cardiovascular medicine. 
Academic cardiology must also recognize its responsi- 
bilities in the education of all medical students. The 
special training requirements for academic cardiologists 
were considered in depth and also related to the ex- 
panded role outlined for these professionals. The 
shortage of academic cardiologists already evident was 
predicted to become progressively acute, and its causes 
and potential remedies were outlined. Financial and 
career incentives were recommended, as well as a con- 
tinuing role for the federal government in the training 
of academic cardiologists. 

Task Force IV, charged with the evaluation of pro- 
fessional competence, assessed the factors necessary to 
maintain and improve professional performance of 
cardiovascular specialists. It recommended that the 
competence of cardiac specialists, as well as that of in- 
ternists-cardiologists and primary care physicians, be 
assessed by evaluation of training programs, of the 
persons in training, by appropriate speciality or sub- 
speciality certification and by evaluation of continuing 
education. The Task Force saw a need to develop and 
validate objective methods of assessment. It also rec- 
ommended that standards be developed for diagnostic 
and therapeutic methods in cardiovascular medicine. 

Task Force V considered the efficiency of utilization 
of cardiovascular manpower. It judged the present 
system of delivery of cardiovascular health care in 
general inefficient, since a significant number of persons 
trained or recognized as cardiologists devoted only a 
fraction of their clinical activities to consultative or 
specialized cardiology. This Task Force recognized that 
for optimal utilization of cardiology manpower the great 
majority of a cardiologist’s practice should be devoted 
to complex cardiovascular disease, and that to this end 
primary care physicians must be adequate in supply and 
trained in the management of the common cardiovas- 
cular problems. If this situation could be achieved, it 
was judged that the annual production of 300 cardiol- 
ogist consultants, with at least 2 years’ training, would 
suffice for the United States, and that the present 
number of cardiovascular training programs could be 
significantly reduced, eliminating those that are unfilled 
or inefficient. The Conference did not consider the 
training facilities needed for the United States to meet 
the cardiovascular manpower needs of other countries. 
The United States has previously fulfilled the leader- 
ship role expected and it is hoped that it will continue 
to be able to do so. 

Task Force VI studied cardiovascular care itself, from 
the points of view of its quality and access to it. Methods 


currently available for assessment and maintenance of 
quality of care were judged wanting. Recommendations 
were made for research, education, incentives and or- 
ganization of delivery of care. Patient behavior, such as 
failure to comply with medical recommendations, was 
highlighted as a neglected area in research and educa- 
tion. Patient awareness of personal responsibilities for 
health care was considered a promising component of 
approaches to behavior modification. With regard to 
access to care, regionalization was thought to be a 
valuable approach, but difficult to implement in this 
country. The competence of primary care physicians in 
cardiovascular medicine was considered a key factor in 
improving access to care. 

As a result of this Conference, a cardiologist was more 
strictly defined to include only the academic cardiologist 
and cardiac specialist consultant who spends at least 75 
percent of his time in cardiology. 


Two themes stood out in the deliberation of all Task 
Forces: the widespread inefficient use of well trained 
cardiologists as primary care physicians and the gen- 
erally unrecognized responsibility of cardiologists to 
increase their effectiveness by training generalists to 
detect cardiovascular disease and manage common 
cardiovascular problems. Any planning for the future 
must give recognition to these important insights. 

Although the Conference repeatedly expressed con- 
cern about the growing scarcity of academic cardiolo- 
gists and made several recommendations in this regard, 
the related problem of manpower for research in the 
basic and clinical sciences relevant to cardiovascular 
medicine was considered to fall outside its scope. 
However, it must be remembered that our present un- 
derstanding of the cardiovascular system and today’s 
therapeutic and preventive measures are the fruits of 
yesterday’s research, carried out by well endowed highly 
motivated creative persons who were attracted to the 
field and given the opportunity to reach their highest 
potential. Men and women with comparable potential 
today are attracted to cardiovascular research less fre- 
quently. There is a shortage of creative scientists in 
cardiovascular physiology, biochemistry, pathology, 
immunology, epidemiology and other sciences that 
augurs poorly for future progress. 

The Conference made it quite evident that assess- 
ment and prediction of manpower needs for cardiology 
are difficult and must take cognizance of scientific and 
technical advances. Thus there is need for an ongoing 
mechanism for monitoring and evaluating the needs of 
cardiovascular health care. This could be done by 
ongoing data collection with periodic conferences of this 
type in which key voluntary organizations and govern- 
ment agencies would be represented. It was the sense 
of this meeting that this format of an interdisciplinary, 
interorganizational conference is an effective vehicle to 
this end, as well as a valuable educational experience. 
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tor, American Journal of Cardiology, 
- 666 Fifth Ave., New York, NY 10019. 
`e Submit two copies of all elements of 
. the article: text, references, legends, ta- 
- bles and figures. 


e Arrange the paper in this order: (1) 


- title page; (2) abstract; (3) text; (4) ref- 
- erences; (5) legends; (6) tables; and (7) 


figures. 
e Number all pages in above se- 
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abstract as 2, etc. 
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opaque white bond paper; (2) in dupli- 
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- and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 


` words for major articles; 50 to 100 


words for case reports. 
e Add at end of abstract: list of 2 to 6 
key words and subjects for indexing. 


. THE TEXT 


e Type in duplicate; double-space. 
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SVC, WPW: write out; superior vena 


. cava, Wolff-Parkinson-White. 


e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
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American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
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e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals; Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e |dentify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 
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Diseases of the tricuspid valve, chap 20, In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
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If your angina patient 

isnt having 3 out of 4 

better days than usual... 
try Cardilate 


ERYTHRITYL TETRANITRATE) 


*Please note: unstable angina patients may be refractory to all long-acting nitrates 








INDICATIONS: For the prophylaxis and 
long-term treatment of patients with fre- 
quent or recurrent anginal pain and re- 
duced exercise tolerance associated with 
angina pectoris, rather than for the treat- 
ment of the acute attack of angina pec- 
toris, since its onset of action is somewhat 
slower than that of nitroglycerin. 
PRECAUTIONS: As with other effective 
nitrates, some fall in blood pressure may 
occur with large doses. 

Caution should be observed in admin- 
istering the drug to patients with a history 
of recent cerebral hemorrhage, because 
of the vasodilatation which occurs in the 
area. Although therapy permits more 
normal activity, the patient should not be 
allowed to misinterpret freedom from 
anginal attacks as a signal to drop all 
restrictions. 

SIDE EFFECTS: No serious side effects 
have been reported. In sublingual therapy 
a tingling sensation (like that of nitro- 
glycerin) may sometimes be noted at 

the point of tablet contact with the mucous 
membrane. If objectionable, this may be 
mitigated by placing the tablet in the 
buccal pouch. As with nitroglycerin or 
other effective nitrites, temporary vascular 
headache may occur during the first few 
days of therapy. This can be controlled by 
temporary dosage reduction in order to 
allow adjustment of the cerebral hemo- 
dynamics to the initial marked cerebral 
vasodilatation. These headaches usually 
disappear within one week of continuous 
therapy but may be minimized by the 
administration of analgesics. 

Mild gastrointestinal disturbances occur 
occasionally with larger doses and may 
be controlled by reducing the dose tem- 
porarily. 

SUPPLIED: 10 mg chewable tablets, bot- 
tle of 100. Also 5, 10 and 15 mg scored 
tablets in bottles of 100. 10 mg scored 
tablets also suppiied in bottle of 1,000. 

Also available: Cardilate- P brand 
Erythrity! Tetranitrate with Phenobarbital* 
(*Warning: may be habit-forming). 

1. Russek Hl: AM J M Sc 239:478, 1960 


^ Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome / North Carolina 27709 


“Pain days’ significantly re- 
duced with Cardilate' (eryth- 
rityl tetranitrate) in 48-patient 
study.! Patients on placebo ex- 
perienced same pain as usual 
or increased pain 2 days out of 
3...compared to 1 day out of 4 
while on Cardilate. 


Effective prophylaxis against 
attacks; increases exercise tol- 
erance. Serious side effects 
have not been reported in 20 
years clinical use. 





Rapid-acting chewable tablets 
(10mg) preferred by many pa- 
tients. Should be given before 
anticipated periods of stress to 
produce an action within 5 
minutes and lasting up to 2 
hours. Sublingual tablets also 
available. 





Cardilate can save patients 
money; is less expensive than 
many popular long-acting ni- 
trates. 20% to 30% savings not 
uncommon...also helps re- 
duce need for nitroglycerin. 





An hour's worth of paper. A week's worth of tapes. 


THE M/D2 
NOW HAS A DATABANK. 


IT DOES WHAT 
PAPER NEVER COULD. 





For all its advantages, 
the writer has always had 
distinct disadvantages. We 
just invented a tool that 
does everything the writer 
does without these hard- 
ships. 

We call it the Databank. 

What the Databank is, in 
fact, is a miniaturized cas- 
Sette recording system that 
integrates into the M/D2. 

What it does is record the 
ECG on magnetic tape. 

But Databank does more 
than that. It also allows you 
to note the management of 
a patient verbally onto the 
tape. So you can keep a run- 
ning record ef vital signs, 
drug therapy and any other 
pertinent data. 

A None of which the paper 
Strip could ever provide for. 

With Databank, you 
don t have the bulk or the 
mess of paper. You can re- 
cord an hour's worth of data 
on one small cassette. 

And you won t find 
yourself having to turn the 
machine on and off as 
with a writer. 

And when it's time to 
store your records, they fit 
neatly into a fraction of the 
space that paper takes. 

Most important, since 
you ve recorded the entire 
procedure instead of a frac- 
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tion of it, and since you've 
been able to note all other 
important data, you can use 
Databank as a powerful 
teaching tool. To say noth- 
ing of the fact that it's a 
more viable legal docu- 
ment. 

Naturally, when you 
want a paper record you can 
have it as well. You simply 
feed Databank's signal into 
the Datascope 790 writer 
and come out with a paper 
strip. Only instead of hav- 
ing to carry a writer out to 
the patient, you can leave 
the 790 on the rescue vehi- 
cle or back at the hospital, 
and transcribe only what 
you need. 

The last advantage of the 
Databank is the most obvi- 
ous. It weighs a fraction of 
what a writer does. And it 
attaches to either the M/D2 








case or to the scope itself. 
It makes the M/D2 the 
most portable and complet 
rescue system in the world. 
We've often said that the 
M/D2 was the most flexibl 
system you could possibly 
own. loday, it's more so. 
For further information 
about our new model 770 
Databank, write Datascope 
Corp., 580 Winters Ave., 
Paramus, N.J. 07652. 
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Identifying your patient at risk 
of thromboembolic complications 


While every MI patient is not a candidate for oral anti- 
coagulation therapy, a history of previous infarct or 
angina, persistent atrial fibrillation or congestive fail- 
ure, severe hypotension or shock or serious ar- 
rhythmia may increase risk of thromboembolic 
complications. 

In addition, certain procedures often place your 
Surgical patient, particularly if he’s over 40 years of 
age, in the high risk category—cup arthroplasty or 
pelvic surgery, heart valve replacement, reparative 
vascular surgery. 

Your geriatric patient, too, is at high risk of throm- 
boembolism if he's suffered a fracture—especially 
of the hip, pelvis or a lower extremity—or if his history 
includes venous insufficiency. 

For any of these individuals, obesity, previous 
episodes of venous thrombosis or pulmonary em- 
bolism and a future including prolonged bed rest all 
increase the risk of thromboembolic complications, 
and make him a candidate for oral anticoagulation. 


COUMADIN® is an Endo U.S. registered trademark. 


A74 


Laboratory monitoring 


For every patient receiving COUMADIN® (crystalline 
sodium warfarin), frequent laboratory monitoring is a 
key to effective therapy. Determine prothrombin time 
daily until results stabilize in the therapeutic range 
— 112 to 2¥2 times normal. Individualize dosage and 
administration as indicated by prothrombin time re- 
sults. Determine subsequent prothrombin times pe- 
riodically throughout the course of therapy. 


Educating your patient 


Because a patient is generally more reliable if he 
understands his condition and his medication, he 
should be made aware of the factors that may influ- 
ence his prothrombin time and, therefore, his re- 
sponse to COUMADIN®—dietary change, travel, 
other medication, change in physical condition and 
abrupt environmental change. What's more, he 
should know the importance of regularly taking the 
exact dosage of COUMADIN® prescribed and of 
keeping every appointment with you and with the 
laboratory. 


Therapeutic principles 
put into practice 


COUMADIN 


CRYSTALLINE SODIUM WARFARIN’ 


INDICATIONS Based on a review of this drug by the National Academy of Sciences- National 
Research Council and/or other information, FDA has classified the indications as follows: 


Effective: COUMADIN" is indicatec for the prophylaxis and treatment of venous thrombosis and 
its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and treatment 
of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 


"Possibly ' effective: as an adjunct in the treatment of transient cerebral ischemic attacks 
Final classification of the less-than-effective indication requires further investigation. 












CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical condition or 
personal circumstance in which the hazard of hemorrhage might be greater than its potential clinical 
benefits, such as: 


Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated surgery of: (1) central nervous 
system; (2) eye; (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies associated 
with active ulceration or overt bleeding of: (1) gastrointestinal, genitourinary or respiratory tracts; (2) 
cerebrovascular hemorrhage; (3) aneurysms—cerebral, dissecting aorta; (4) pericardial effusions; (5) 
subacute bacterial endocarditis. Threatened abortion, eclampsia and preeclampsia. Inadequate labora- 
tory facilities or unsupervised senility alcoholism, psychosis: or lack of patient cooperation. Miscella- 
neous: polyarthritis, vitamin C deficiency, major regional and lumbar block anesthesia 


WARNINGS Sodium warfarin is a poten: drug with a half-life of 21⁄2 days; therefore its effects may become 
more pronounced as daily maintenance doses overlap. It cannot be emphasized too strongly that treatment 
of each patient is a highly individualized matter. Dosage should be controlled by periodic determinations of 
prothrombin time or other suitable coagulation tests. Determinations of whole blood clotting and bleeding 
times are not effective measures for control of therapy. Heparin prolongs the one-stage prothrombin time 
Therefore, to cbtain a valid prothrombin time when heparin and COUMADIN* are given together, a period 
of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 hours after the last subcutaneous 
dose of heparin, before blood is drawn. 


Caution shoulc be observed when sodium warfarin is administered in any situation or physical condition 
where added risk of hemorrhage is present. 


Administration of anticoagulants in the following conditions will be based upon clinical judgment in which 
the risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in untreated 
cases. The following may be associated with these increased risks: 


Pregnancy- COUMADIN* passes through the placental barrier, and the danger of hemorrhage to the fetus 
exists even to the point of fatal hemorrhage in utero, even in the accepted therapeutic range of maternal 
prothrombin level. Close observation and laboratory control are essential. The newborn may be particularly 
sensitive to sodium warfarin. There have been reports of birth malformations in children born to mothers 
who have been treated with warfarin during the first trimester of pregnancy. Whether warfarin was in fact 
the responsible agent has not been established. Therefore, women of childbearing potential who are can- 
didates for anticoagulant therapy should be carefully evaluated and the indications critically reviewed. If 
COUMADIN" must be used ding pregnancy. or if the patient becomes pregnant while taking this drug, 
the patient should be apprised of the potential risks to the fetus, and the possibility of termination of the 
pregnancy should be discussed in light of those risks. Lactation -coumarins may pass into the milk of 
mothers and cause a prothrombinopenic state in the nursing infant. Prolonged dietary deficiency 
(cachexia, vitamin K). Severe to moderate hepatic or renal insufficiency. Infectious diseases or distur- 
bances of intestinal flora-sprue. artibiotic therapy. Trauma which may result in internal bleeding. 
Surgery or trauma resulting in large exposed raw surfaces. Indwelling catheters. Spinal puncture. Severe 
to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis, severe diabetes, menometror- 
rhagia, allergic and anaphylactic disorders. 


tients with congestive heart failure may become more sensitive to COUMADIN* , thereby requiring more 
requent laboratory monitoring, and reduced doses of COUMADIN® . 


Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually over three to 
four weeks. 


PRECAUTIONS Periodic determination of prothrombin time or other suitable coagulation test is essen- 
tial. 


Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 
state and medication may influence response of the patient to anticoagulants. It is generally good prac- 
lice to monitor the patient's response with additional prothrombin time determinations in the period 
immediately after discharge from the hospital, and whenever other medications are initiated, discon- 
tinued or taken haphazardly. The following factors are listed for your reference; however, other factors 
may also affect the prothrombin response. 


The following factors, alone or in combination, may be responsible for increased prothrombin time 
response: 


ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea: elevated temper- 
ature; hepatic disorders-infectious hepatitis, jaundice; poor nutritional state: vitamin K deficiency- stea- 
torrhea. 


EXOGENOUS FACTORS: Alcoholt: allopurinol; aminosalicylic acid; anabolic steroids: antibiotics: brome- 
ains; chloral hydratet; chlorpropamide; chymotrypsin; cinchophen; clofibrate: COUMADIN" overdosage; 
dextran; dextrothyroxine; diazoxide; dietary deficiencies: diureticst: disulfiram: drugs affecting blood ele- 
ments; ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin: inhalation anesthetics: mefenamic 
acid; methyiphenidate; monoamine oxidase inhibitors: nalidixic acid: oxyphenbutazone; phenylbutazone: 
ohenyramidol; prolonged hot weather prolonged narcotics; quinidine: quinine: salicylates (in excess of 1 
3m/day); sulfinpyrazone; sulfonamides, long acting; thyroid drugs; tolbutamide; triclofos sodium: unreli- 
able prothrombin time determinations. 

t Increased and decreased prothrombin time responses have been reported. 


The following factors, alone or in combination, may be responsible for decreased prothrombin time 
response: 

ENDOGENOUS FACTORS: Diabetes mellitus; edema: hereditary resistance to coumarin therapy; hyperlipe- 
mia; hypothyroidism. 


resent as crystalline sodium warfarin isopropanol clathrate. 
-icensed by Wisconsin Alumni Research Foundation. 
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EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt; antacids; antihistamines; barbiturates: chloral 
hydratet; chlordiazepoxide; cholestyramine; COUMADIN* underdosage; diet high in vitamin K (vegetables, 
fish, fish oil, onions); diureticst; ethchlorvynol: glutethimide; griseofulvin; haloperidol; meprobamate; oral 
contraceptives; paraldehyde; primidone; rifampin; unreliable prothrombin time determinations; vitamin C. 


TIncreased and decreased prothrombin time responses have been reported. 


A patient may be exposed to a combination of the above factors, some of which may increase and some 
decrease his sensitivity to COUMADIN* . Because the net effect on his prothrombin time response may be 
unpredictable under these circumstances, more frequent laboratory monitoring is advisable. 


Drugs not yet shown to interact or not to interact with coumarins are best regarded with suspicion, and 
when their administration is started or stopped, the prothrombin time should be determined more often 
than usual. 


Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and tolbutamide) 
and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the body as a result of inter- 
ference with either their metabolism or excretion. 


ADVERSE REACTIONS Potential side effects of COUMADIN* (crystalline sodium warfarin) include: 


1. Minor or major hemorrhage from any tissue or organ- which is an extension of the physiologic activity of 
prothrombinopenia. The signs and symptoms will vary according to the location and degree or extent of the 
bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the condition of any 
anticoagulated patient with complaints which do not indicate an obvious diagnosis. Bleeding during 
anticoagulant therapy does not always correlate with prothrombin activity. (See TREATMENT FOR OVER- 
DOSAGE.) 


Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diagnostic 
Investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer etc. 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, fever, 
nausea, diarrhea, abdominal cramping, a syndrome called "purple toes; ' hypersensitivity reactions and an 
extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. 


DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagulation or 
clotting mechanism to such an extent that thrombosis will not occur, but at the same time avoiding such 
extensive impairment as might produce spontaneous bleeding. Effective therapeutic levels with minimal 
complications can best be achieved in cooperative and well-instructed patients, who keep the doctor 
informed of their status between visits. COUMADIN" patient aids are available to physicians on request. 


The administration and dosage of COUMADIN" must be individualized for each patient according to the 
particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrombin time 
reflects the depression of vitamin K-dependent factors, namely Factors VII, IX, X and II, the factors affected 
by coumarin anticoagulants. There are several modifications of the Quick one-stage prothrombin time and 
the physician should become familiar with the specific method used in his laboratory. 


Administration of COUMADIN® should be gauged according to prothrombin time determinations by a suit- 
able method. The blood prothrombin time should usually be determined daily after the administration of the 
initial dose until prothrombin time results stabilize in the therapeutic range. Intervals between subsequent 
prothrombin time determinations should be based upon the physician's judgment of the patient's reliability 
and response to warfarin in order to maintain the individual within the therapeutic range. Acceptable inter- 
vals for prothrombin time determinations have usually fallen within the range of one to four weeks. Satis- 
factory levels for maintenance of therapeutic prothrombinopenia are 1% to 2'2 times the normal 
prothrombin time (e.g. 21 to 35 seconds, with a control of 14 seconds). 


Induction—40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for one dose 
only administered orally, intravenously or intramuscularly 


Maintenance- Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility of dosage 
is provided by breaking scored tablets in half. The individual dose and interval should be gauged by the 
patient's prothrombin response. 


Duration of therapy- The duration. of therapy in each patient should be individualized. In general, anti- 
coagulant therapy should be continued until the danger of thrombosis and embolism has passed. 


Treatment during dentistry and surgery- The management of patients who undergo dental and surgical 
procedures requires close liaison between attending physicians, surgeons and dentists. Interruption of 
anticoagulant therapy may precipitate thromboembolism, and conversely, if anticoagulants are maintained 
at full doses, some patients may hemorrhage excessively. If it is elected to administer anticoagulants prior 
to, during, or immediately following dental or surgical procedures, it is recommended that the dosage of 
COUMADIN" be adjusted to maintain the prothrombin time at approximately 1% to 2 times the control 
level. The operative site should be sufficiently limited to permit the effective use of local procedures for he- 
mostasis including absorbable hemostatic agents, sutures. and pressure dressings if necessary. Under 
these conditions dental and surgical procedures may be performed without undue risk of hemorrhage. 


COUMADIN* with Heparin-Since a delay intervenes between the administration of the initial dose and the 
therapeutic prolongation of prothrombin time, it may be advisable in situations of great emergency to 
administer sodium heparin initially along with COUMADIN . The initial dose of heparin and injectable 
COUMADIN may be administered together in the same syringe. It should be noted that heparin may affect 
the prothrombin time; and therefore, when patients are receiving both heparin and COUMADIN’ , the blood 
sample for prothrombin time determination should be drawn just prior to the next heparin dosage, and 
preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the last subcutaneous 
injection. 

TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is readily con- 
trolled by discontinuing COUMADIN® (crystalline sodium warfarin), and if necessary, the oral or parenteral 
administration of vitamin Kı. The appearance of microscopic hematuria, excessive menstrual bleeding, 
melena, petechiae or oozing from nicks made while shaving are early manifestations of hypoprothrom- 
binemia beyond a safe and satisfactory level. 


In excessive prothrombinopenia with mild or no bleeding. omission of one or more doses of COUMADIN® 
may suffice; and if necessary, small doses of vitamin K: orally, 2.5 to 10 mg. will usually correct the 
problem 


If minor bleeding persists, or progresses to frank bleeding, vitamin K; in doses of 5 to 25 mg may be given 
parenterally. (Please note recommendations accompanying vitamin K preparations prior to use.) 


Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombinopenic 
States unresponsive to vitamin K:. 


Resumption of COUMADIN* administration reverses the effect of vitamin Ks. and a therapeutic hypo- 
prothrombinemia level can again be obtained. 


SUPPLIED Tablets: COUMADIN* (crystalline sodium warfarin). For oral use, single scored, imprinted 
numerically with potency as follows: 2 mg lavender, 2¥2 mg orange, 5 mg peach, 7 mg yellow, 10 mg 
white, 25 mg red. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister package of 100. 


Injection: Available as “ingle injection units of amorphous sodium warfarin lyophilized for intravenous or 
intramuscular use in a box of 6 units. 50 mg: Unit consists of 1 vial, 50 mg; sodium chloride, 10 mg; 
thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide, accompanied by a 2 ml ampul Sterile Water for 
Injection. 75 mg: Unit consists of 1 vial, 75 mg; sodium chloride, 15 mg; thimerosal, 0.3 mg. pH is 
adjusted with sodium hydroxide, accompanied by a 3 ml ampul Sterile Water for Injection. 


Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for intravascu- 
lar injection without first having been mace approximately isotonic by the addition of a suitable solute. Use 
only for reconstitution of the lyophilized product. Rev. April, 1975 
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Philips Poly Diagnost C: a U-arm syst 
with cranio-caudal capability 





Clear visualization 
of overlapping . 
vessels in cardiac 
angiography 





With the Poly Diagnost C, cranio-caudal 
(or hemi-axial) capability is incorporated 
into a rotating U-arm system. Now, the 
X-ray beam can be both rotated around 
the patient and angulated along the 
transverse axis. The patient remains 
stationary. Both brachial and femoral 
techniques are done with ease, even on 
tall patients. 

Hemi-axial capability lets you visualize 
what's been difficult to see in cardio- 
vascular examinations. Particularly the 
left coronary artery and its branches. The 
Poly Diagnost C gives clear, unobstructed 
views of these and other areas of cardiac 
anatomy —supplementary projections to 
help you detect stenosis which might 
otherwise be obscured. 

Philips new U-arm system reduces 
patient stress and insures a more efficient 
procedure in cineangiography and in both 
single and bi-plane modes. Equipped with 
a pivoting base, the U-arm parks quickly 
aside, thereby insuring easy use of large 
size film changers. 

Philips Poly Diagnost C: new directions 
for improved cardiovascular diagnostics. 


For additional information, contact your 
Philips representative. Or, call or write: 


PHILIPS MEDICAL SYSTEMS, INC. 


710 Bridgeport Avenue, Shelton, Conn. 06484 
Tel. (203) 929-7311 
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To help increase blood supply 
jin treatable vasospastic disorders* 


~~, 


nylidrin HCI 


O Dilates arterioles 
O Maintains mean arterial blood pressure 
[.] Postural hypotension not reported** 


Arlidin also offers dosage flexibility and 
provides a favorable benefit-cost ratio. 


**See Adverse Reactions section in Brief Summary. 


Brief Summary 


* Indications: Based on a review of this drug by the National Academy of 
Sciences—National Research Council and/or other information, FDA 


has classified this drug as "possibly" effective for peripheral vascular 
disease and circulatory disturbances of the inner ear. Final classifica- 
tion of the less-than-effective indications requires further investigation. 





Contraindications: Acute myocardial infarction, paroxysmal tachycardia, 
progressive angina pectoris and thyrotoxicosis. Warnings: In patients with 
cardiac disease such as tachyarrhythmias and uncompensated congestive 
heart failure, the benefit/risk ratio should be weighed prior to therapy and 
reconsidered at intervals during treatment. Adverse Reactions: Trembling, 
nervousness, weakness, dizziness (not associated with labyrinthine artery 
insufficiency), palpitations, nausea and vomiting may occur. Postural hyp 
tension, while not reported, may also occur. Dosage: Orally, 3 to 12 pha. 
three or four times a day. How Supplied: White, scored tablets, 6 mafand 
f 100 


12 mg. Bottles of 100 and 1000; single-dose blister packs, boxes 
(10 x 10 strips). 


USV PHARMACEUTICAL MFG. CORP. 
PHARMACEUTICALS Manati, P.R. 00701 
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Artist's conception of heart wi 
changes typical of congestive failure. 


Note pronounced left ventricular 


hypertrophy. 
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In idac heart failure 


Aldactone 


(Spironolactone) 


25-mg. tablets 


Indications —Essential hypertension; edema of congestive heart failure, 
cirrhosis of the liver, the nephrotic syndrome and idiopathic edema. Some 


SX patients with malignant effusions may benefit from Aldactone (spironolac- 


gu particularly when given with a thiazide diuretic. 

indications —Acute renal insufficiency, rapidly progressing impair- 
ment of renal function, anuria and hyperkalemia. 

Warnings —Potassium supplementation may cause hyperkalemia and is 
not indicated unless a glucocorticoid is also given. Discontinue potassium 
supplementation if hyperkalemia develops. Usage of any drug in women of 
childbearing age requires that the potential benefits of the drug be weighed 
against its possible hazards to the mother and fetus. 

In a 78-week chronic toxicity study, rats were given daily oral doses of 
spironolactone approximately 30, 90 and 300 times the usual daily human 
therapeutic dose (100 mg. per doy). The results of this study demonstrated 
a dose-related, statistically significant increase in the occurrence of benign 


- adenomas of the testes and thyroid gland. Similar findings have not been 


demonstrated in other animal studies. In view of the marked differences 
in spironolactone metabolism by the rat and by man, the relationship of this 
finding to the possible development of tumors in humans is unknown. 
Precautions —Patients should be checked carefully since electrolyte im- 
balance may occur. Although usually insignificant, hyperkalemia may be 
serious when renal impairment exists; deaths have occurred. Hyponatremia, 
manifested by dryness of the mouth, thirst, lethargy and drowsiness, to- 


. gether with a low serum sodium may be caused or aggravated, especially 


when Aldactone is combined with other diuretics. Elevation of BUN may 
occur, especially with preexisting renal impairment. Mild acidosis may occur. 
Reduce the dosage of other antihypertensive drugs, particularly the gangli- 
onic blocking agents, by at least 50 percent when adding Aldactone since it 
potentiates their action. The physician should be alert to the possible onset 
of gynecomastia. 

Adverse Reactions — Drowsiness, lethargy, headache, diarrhea and other 
gastrointestinal symptoms, maculopapular or erythematous cutaneous erup- 
tions, urticaria, mental confusion, drug fever, ataxia, gynecomastia, inability 
to achieve or maintain erection, androgenic effects, including hirsutism, 
irregular menses and deepening voice. Adverse reactions are usually reversi- 
ble. In rare instances gynecomastia may persist. 

Dosage and Administration—For essential hypertension in adults the 
initial daily dosage is 50 to 100 mg. in divided doses. Aldactone may be 
combined with a thiazide diuretic if necessary. Continue treatment for 
two weeks or longer since the maximal response may not occur sooner. 
Adjust subsequent dosage according to response of patient. 

For edema in adults initial daily dosage is 100 mg. in divided doses. 
Continue medication for at least five days to determine diuretic response; 
add a thiazide or organic mercurial if adequate diuretic response has not 
occurred. Aldactone dosage should not be changed when other therapy is 
added. A daily dosage of Aldactone considerably greater than 75 mg. may 
be given if necessary. 

A glucocorticoid, such as 15 to 20 mg. of prednisone daily, may be desir- 
able for patients with extremely resistant edema which does not respond 
adequately to Aldactone ond a conventional diuretic. Observe the usual 
precautions applicable to glucocorticoid therapy; supplemental potassium 
will often be necessary. Such patients frequently have an associated 
hyponatremia—restriction of fluid intake to | liter per day or adminis- 
tration of mannitol or urea may be required (these measures are contro- 
indicated in patients with uremia or severely impaired renal function). 
Mannitol is contraindicated in patients with congestive heart failure, and 


& urea is contraindicated with a history or signs of hepatic como unless the 


Noatient is receiving antibiotics orally to “sterilize” the gastrointestinal tract. 
lucocorticoids should usually be given first to patients with nephrosis 

since Aldactone, although useful for diuresis, will not directly affect the 
basic pathologic process. 

- For children the daily dosage should provide 1.5 mg. of Aldactone per 
pound of body weight. 
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1. Genest, J., and Nowar, T.: Clinician: Congestive Heart Failure, Medcom" 
Leorning Systems, New York, Medical Communications, Inc., 1972, pp. 42-49. 
2. Laragh, J. H.: Hosp. Pract. 5:43-50 (Nov.) 1970. 
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BY HONEYWELL 


More than a new 
look, it's a whole 
new approach to 
diagnostic systems. 


Honeywell engineers took a true 
systems approach to physiological 
data systems and added state-of-the- 
art microcomputer technology. The 
result: MEDDARS—an easier, faster, 
better way to acquire, display, analyze 
and record data. 


A combination of capabilities 
found in no other system. 


MEDDARS does more 
than display six 
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bright, nonfade scope. = 
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It lets vou manipulate 
data —see and record it 
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in a variety of user- 
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Interchangeable 


constructed formats. 


signal conditioning 
modules permit 


Hiili esii TEN 


MCI li ua you to alter system 


configuration 
to fit your applica- 
tions. Combination 
strip chart recorder 
and page printer 
records all dat: 
exactly as dis- 
played, including 
alphanumeries 
and loops, on 
Z-fold paper. 
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New user convenience 
plus simplified maintenance. 


Features color-coded pushbutton 
controls with lighted indicators labeled 
in familiar medical terms. Built-in 
automatic calibration and system set- 
up with single keystroke procedural 
programming. Reliable maintenance 
through modular construction and 
repair-exchange field service. 

And backed bv the largest independent 
service organization in the health 


care field. 


And that’s only the beginning. 


Discover what expandable, 
upgradeable MEDDARS can mean to 
vou. Write or call Stan Edwards, 
Honeywell Physiological Data Systems, 
Box 5227, Denver, CO 80217. 

(303) 771-4700. 


Honeywell 





KC A cardiac patients 
anxiety and associated 


depressive symptoms 
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can often delay active 
participation in rehabilitation 
N for days or even weeks. 


) 


In the hospital's protective atmos- 
phere, the cardiac patient may have 
seemed reasonably calm and coopera- 
tive—well on his way to the kind of emo- 
tional adjustment that many patients 
manage to make after a heart attack. But 
now he's back home, and must face the 
kitowledge that life may never again be 
quite the same. Suddenly, he may be- 
come more anxious than he’s ever been 
before. More fearful about the future. 
And his steadily mounting anxiety and 
tension—often accompanied by associ- 
ated depressive symptoms—can make it 
difficult for him to attempt rehabilitation. 





In time, many such patients respond 
well to your continued support and 
counseling efforts. But when excessive 
psychic tension—with or without associ- 
ated depressive features—continues to 
impede rehabilitative progress, Valium 
(diazepam) can be extremely helpful. 
The psychotherapeutic effect of Valium 
is frequently both pronounced and 
rapid: quite often, the patient experi- 
ences significant relief of emotional dis- 
tress during the first few days of therapy 
and is, therefore, ready that much 


sooner to take a more active part in his 


own recovery. (Some patients, of 
course, may require more time to obtain 
a clear-cut response.) 


An important advantage in treating 
the cardiac patient: Valium (diazepam) 
is used with most classes of primary 
medications such as cardiac glycosidef, 
anticoagulants, diuretics and vasodila- 
tors. Since it's available as scored tablets, 
Valium allows you to set, adjust and re- 
adjust dosage as appropriate during ther- 
apy. And it’s often helpful to add an h.s. 


dose to a b.i.d. or t.i.d. regimen if the 


patient's anxiety and secondary depres- » 


sive symptoms worsen at bedtime. 

In recommended doses, oral 
Valium generally does not cause signifi- 
cant adverse effects on vital signs; how- 
ever, lower initial doses (2 to 27? mg 
once or twice daily) should be used with 
elderly or debilitated patients to help 
avoid ataxia or oversedation. Physicians 
should be aware of the possibility of 
other side effects described in complete 
product information. 


Before prescribing, please see 
complete product information, 
a summary of which appears on 
the next page. 
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2-mg, 5-mg, l0-mg scored tablets 
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Prompt and effective action 

Valium acts promptly to help relieve psychic ten- 
sion and its associated depressive symptoms in the 
_psychoneurotic cardiac patient. 


- Wide margin of safety 
At recommended dosages, oral Valium is generally 
well tolerated and does not significantly affect 
respiration, pulse or heart rate. 


Before prescribing, please consult complete 
product information, a summary of which follows: 

Indications: Tension and anxiety states; somatic 

complaints which are concomitants of emotional fac- 
tors; psychoneurotic states manifested by tension, anxi- 
ety, apprehension, fatigue, depressive symptoms or 
agitation; symptomatic relief of acute agitation, tremor, 
delirium tremens and hallucinosis due to acute alcohol 
withdrawal; adjunctively in skeletal muscle spasm due 
to reflex spasm to local pathology; spasticity caused by 

"upper motor neuron disorders; athetosis; stiff-man syn- 
drome; convulsive disorders (not for sole therapy). 

Contraindicated: Known hypersensitivity to the 

drug. Children under 6 months of age. Acute narrow 
angle glaucoma; may be used in patients with open 
angle glaucoma who are receiving appropriate therapy. 

Warnings: Notof value in psychotic patients. 
Caution against hazardous occupations requiring com- 
plete mental alertness. When used adjunctively in 
convulsive disorders, possibility of increase in frequency 
and/or severity of grand mal seizures may require 

increased dosage of standard anticonvulsant medication; 
abrupt withdrawal may be associated with temporary 
increase in frequency and/or severity of seizures. Advise 
eagainst simultaneous ingestion of alcohol and other 
“CH depressum Withdrawal symptoms (similar to 
thoseWwith barbiturates and alcohol) have occurred 
following abrupt discontinuance (convulsions, tremor, 
abdominal and muscle cramps, vomiting and sweating). 
Keep addiction-prone individuals under careful sur- 
veillance because of their predisposition to habituation 
and dependence. In pregnancy, lactation or women of 
childbearing age, weigh potential benefit against possi- 
ble hazard. 

Precautions: If combined with other psycho- 
tropics or anticonvulsants, consider carefully pharma- 
cology of agents employed; drugs suchas phenothiazines, 
narcotics, barbiturates, MAO inhibitors and other anti- 


» For the cardiac patients 
| psychoneurotic anxiety and 
| associated depressive symptoms. 


Valium diazepam) - 


2-mg,5-mg, 10-mg scored tablets 


Flexible dosage 

Valium, available as 2-mg, 5-mg and 10-mg scored 
tablets, allows dosage to be easily readjusted to 
suit patients’ changing needs. 

Predictable pharmacokinetically 
Pharmacokinetic studies of Valium demonstrate a 
highly predictable pattern of absorption, distribu- 
tion, metabolism and excretion. 


depressants may potentiate its action. Usual precautions 
indicated in patients severely depressed, or with latent 
depression, or with suicidal tendencies. Observe usual 
precautions in impaired renal or hepatic function. Limit 
dosage to smallest effective amount in elderly and debil- 
itated to preclude ataxia or oversedation. 

Side Effects: Drowsiness, confusion, diplopia, 
hypotension, changes in libido, nausea, fatigue, depres- 
sion, dysarthria, jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, blurred 
vision. Paradoxical reactions such as acute hyperexcited 
states, anxiety, hallucinations, increased muscle spas- 
ticity, insomnia, rage, sleep disturbances, stimulation 
have been reported; should these occur, discontinue 
drug. Isolated reports of neutropenia, jaundice; periodic 
blood counts and liver function tests advisable during 
long-term therapy. 

Dosage: Individualize for maximum beneficial 
effect. Adults: Tension, anxiety and psychoneurotic 
states, 2 to 10 mg b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. 
or q.i.d. in first 24 hours, then 5 mg t.i.d. or q.i.d. as 
needed; adjunctively in skeletal muscle spasm, 2 to 10 
mg t.i.d. or q.i.d.; adjunctively in convulsive disorders, 2 
to 10 mg b.i.d. to q.i.d. Geriatric or debilitated patients: 
2 to 22 mg, 1 or 2 times daily initially, increasing as 
needed and tolerated. (See Precautions.) Children: 1 to 
2V5 mg t.i.d. or q.i.d. initially, increasing as needed and 
tolerated (not for use under 6 months). 

Supplied: Valium®(diazepam) Tablets, 2 mg, 5 mg 
and 10 mg—bottles of 100 and 500; Tel-E-Dose® 
packages of 100, available in trays of 4 reverse-numbered 
boxes of 25, and in boxes containing 10 strips of 10; Pre- 
scription Paks of 50, available singly and in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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1976-1977 Committee Appointments 


The following physicians have been named to 7 » 
the College committees listed below: 4 
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The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the pro- 


“““Sgrams are pertinent to direct care of pa- 


tients with heart disease. The need for such 
programs increases with the ever increasing 
amount of scientific and clinical data, the 
constant changes in technology and meth- 
odology, and the greater availability of thera- 
peutic options. Today most cardiologists, in- 
ternists and family practitioners feel the 
need of supplementing their professional 
reading by direct contact with the authors, 
research workers and leaders in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded 
by extensive consultations with the program 
directors recruited among the foremost spe- 
cialists, educators and scientists in the field 
of clinical cardiology and allied basic 
science disciplines. 

Although each program director is per- 
sonally responsible for the choice of faculty, 
and the structure of the program, the Na- 
tional Committee of Continuing Education 
assumes the overall responsibility for the 
caliber of the postgraduate education and 
the relevance to the practice of cardiology. 
This is accomplished by the processes of 
meticulous scrutiny of the objectives, analy- 
sis of the educational methods, and studying 
the impact of each course on the knowledge 
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and attitudes of the participants. 

These programs should help each physi. 
cian to keep up with the new knowledge, tc 
put into practice the new advances and tc 
retract gracefully from the obsolete and use 
less practices. An effective practitione 
must learn and relearn, listen to new ideas 
share past experiences and observe jhe 
work of his peers. The National aha 
Committee for Continuing Medical &ducatior 
of the American College of Cardiology be 
lieves that these goals can be accomplishec 
by all members and nonmember profession 
als participating in our continuing educatior 
programs. 

Borys Surawicz, MD, FACC, Chairmar 
National Program Committee 


A 


Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Eo nec. Educatia 
Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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Entries must be postmarked no later than September 28, 1976 


* Technical Exhibits 
Deadline for requests for space: October 11, 1976 


* Scientific Exhibits 
Deadline for requests for space: October 11, 1976 


* Young Investigators' Awards Competition 
Entries must be postmarked no later than November 1, 1976 


For application forms, write Patrick A. Ziarnik, Director, Annual Scientific Session Department, 
American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 200 14. 
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Scenes from the Editorial Board Meeting of 
The American Journal of Cardiology 
New Orleans, February 24, 1976 





From left to right: Top: Dr. Ira J. Gelb, Assistant Editor; Mr. John K. Abely, Executive Vice President, Magazine Division, Dun-Donnelley Publishing 
Corporation; Mr. Louis F. Le Jacq, Publisher, Yorke Medical Group; Dr. Simon Dack, Editor-in Chief. Center: Drs. John F. Goodwin; Samuel Kaplan; 
William C. Roberts: Donald C. Harrison. Bottom: Drs. Leonard Scherlis; Dean T. Mason; Robert C. Schlant; Mr. William D. Nelligan, Executive Director, 


American College of Cardiology; Dr. Ray W. Gifford, Jr. 
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Baltimore, Maryland 21223 
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CGR CANADA Ltée-Ltd. 

900 Boulevard de l'Aéroparc 
Lachute, Québec, Canada 
(514) 562-8806 
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Special procedures demand total versatility in 
X-ray systems. Equipment that meets the needs of 
coronary catheterization, arteriography, pace- 
maker implantation, pulmonary angiography and 
documentation for surgical procedures. 

CGR's Arcus C-Arm System meets all these re- 
quirements. 

Thenewsystemis specifically designed to provide 
convenient, systemized high-resolution diagnostic 
x-ray television, 35mm and 240mm image record- 
ing capabilities. Throughout a complete 240? 
explorative spectrum. 

The versatile system can be provided with a 
variety of image intensification apparatus, gen- 
erators and tables — both fixed and movable. 

Arcus C-Arm and Coronarix G — from a constella- 
tion of CGR special procedures systems. For more 
information, call or write your CGR representative. 
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The Quinton 740 analyzes the key aspects of them every 20 beats. Arrhythmic beats are 

the ECG during and immediately following the automatically recorded as they occur. 

stress test. It’s like having a silent technician on To find out the 740’s suprisingly low 

the job 100% of the time. price, contact Quinton Instruments, Dept. E36, 
The 740 averages the signal to “see 2121 Terry Avenue, Seattle, Washington 98121. 

through” noisy ECG’s. It digitally displays Call 206/223-7373, or toll free 800-426-0538. 


heartrate, S-T level and S-T slope and records QUINTON s 








Y i NM CW / Ambulatory S 


— Blood Pressure Recorder. 


Smaller, lighter compact one-piece unit weighs 25 ounces. 


The Remler patented Ambulatory Blood Pressure Recor 
has been in use for more than ten years by leading physicians ¢ 
research institutions throughout the world. | 

Now, by miniaturizing circuits and components, we have 
duced a smaller and easier to wear single-unit version that wei 
only 25 ounces. 

This new Model M-2000 records blood pressures during 

 wearer's working or leisure day. Wearing this unobtrusive, lic 
weight device on a belt, any patient can easily record blc 
pressure data onto the micro-cassette as many as fifty tin 
daily. This method eliminates the pressor effect of an observe 
- presence. dr 
The Remler system is especially useful in determining the e 
cacy of medication in the treatment of hypertension. . | 


ovetee Cb : ak TUM 


Since 1918 » Precision in Electronics 
280 Visitacion Mall « Brisbane, California 94005 USA «+ (415) 468-3437 


Please send me complete details on the new 
Remler M-2000 Ambulatory Blood Pressure Recorder. 


Address 


| City/State/Zip_ : | UIS ETC PUGNANS Ga T JURE ER NUIT SEP. E 





Safein sound. 


Probe your patients with image stability, and high 
sound. And record clear contrast—with no chemical 
echo patterns on Kodak processing. 
Linagraph direct print For details, write 
paper, type 2167. Eastman Kodak Company, 
Ultrasonic examination Dept. 412L (260-F), 
has become a useful Rochester, N.Y. 14650. 
technique to diagnose 
structural and functional RESULIS 
cardiac abnormalities. 
When used for ultrasonic 
applications, 2167 paper 
offers fast pop-up, excellent 


” Kodak Linagraph 
direct print paper type 2167- 
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Congestive Heart Failure 
Mechanisms, Evaluation and Treatment 


A Must book for your library. This comprehensive and meticulously 
organized text provides thorough and complete coverage of this common 
classification of abnormal heart function. More than 50 of the world’s 
foremost authorities on the subject are contributors to this important new 
work. Contributors include: Sonnenblick, Schwartz, Wikman-Coffeit, 
Katz, Gunning, Coleman, Amsterdam, Covell, Rackley, Russell, Feild, 
Smith, Williams. 
Dean Mason, editor of the book and author or co-author of many of the 
chapters, has written over 300 original scientific papers on clinical 
cardiology and cardiovascular research. An up-to-date authoritative text 
on Congestive Heart Failure has been long awaited. Thanks to Dr. 
Mason and his colleagues, we will not have to wait much longer. 
Reserve your trial copy now and receive it right off the press. 
B Approximately 530 double-column pages with 250 
illustrations and extensive references/$35.00 











book" 


DEAN T. MASON, M.D. 
Chief—Cardiovascular Medicine 
School of Medicine 

University of California, Davis 


YORKE MEDICAL BOOKS 
666 Fifth Avenue, N.Y., N.Y. 10019 


CONGESTIVE HEART FAILURE 


AJC-5/76 


Yes, please reserve  . copies of Congestive Heart Failure. 


Q | enclose payment (publisher absorbs handling charge). 

D Bill me and add $1.00 for handling charge. 

& Foreign Orders: Pre-payment required. Note: Add $2.00 for surface shipment; 
$4.00 for air shipment. 


Name  .— A 3A 2 
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*In New York State add appropriate sales tax. 
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Ser ES ee cx ae ri: 


i omn the 7 
1. Introduction to Recent Advances in 


Pathogenesis and Management of 
Congestive Heart Failure — D.Y. 
Mason. 


|. Mechanisms 


2. 


10. 


11. 


12. 


13. 


Structural Conditions in the H 
trophied and Failing HÉftHez— H.M. 
Spotnitz and E.H. Sonnenblick. 


. Abnormal Biochemistry in Myocardial 


Failure — A. Schwartz, L.A. Sordahl, 
M.L. Entman, J.C. Allen, Y.S. Reddy, 
M.A. Goldstein, R.J. Luchi and L.E. 
Wyborny. 


. Ribonucleic Acid Polymerase and 


Adenyl Cyclase in Cardiac Hyper- 
trophy and Cardiomyopathy — K.G. 
Nair, T. Umali and J. Potts. 


. Myofibrillar Proteins and the Con, 


tractile Mechanism in the Normal and 
Failing Heart — J. Wikman-Coffelt, C. 
Fenner, A.F. Salel, T. Kamiyama and 
D.T. Mason. 


. Effects of Ischemia on the Contractile 


Processes of Heart Muscle — A.M. 
Katz. 


. Alterations of Cardiac Sympathetic 


Neurotransmitter Activity in Con- 
gestive Heart Failure — H.L. Ruten- 
berg and J.F. Spann, Jr. 


. Contractile and Energetic Behavior of 


Hypertrophied and Failing Myocar- 
dium — G. Cooper, IV, J.F. Gunning, 
C.E. Harrison and H.N. Coleman, III. 


. Regulation of Cardiac Performance in 


Clinical Heart Disease: Interactions 
Between Contractile State, Mechani- 
cal Abnormalities and Ventricular 
Compensatory Mechanisms — D.T. 
Mason. 

Peripheral Circulatory Control 
Mechanisms in Congestive Heart 
Failure — R. Zelis, J. Longhurst, R.J. 
Capone, G. Lee and D.T. Mason. 
Function of the Hypoxic Myocardium: 
Experimental and Clinical Aspects — 
A.E. Amsterdam. 

Nature and Significance of Alterations 
in Myocardial Compliance — J.W. 
Covell, 

Renal Function and Edema Formation 
in Congestive Heart Failure — M.J. 
Tonkon, S.M. Rosen and D.T. Mason. 


ll. Evaluation 


14. 


15. 


16. 


Physical Findings in Heart Failure and 
Their Physiologic Basis — R.A. 
O'Rourke and M.H. Crawford. 
Echographic Evaluation of Cardiac | 
Function — A.N. DeMaria, A.L. Neu- 
mann and D.T. Mason. 
Cardiac Catheterization in the Clinical - 
Assessment of Heart Disease and 


Ventricular Performance — DT.. 


Mason. R.R. Miller, D.S. Berman, L.A. 
Vismara, D.O. Williams, A.F. Salel, 
A.N. DeMaria, H.G. Bogren, G.L. De- 
Nardo and E.A. Amsterdam. 


. Catheterization Evaluation of Cardiac 


Function in Acute and Chronic Coro- 
nary Artery Disease — C.E. Rackley, 
R.O. Russell, Jr., R.E. Moraski, J.A. 
Mantle, B.J. Feild and M. Smith. 


Ill. Treatment 


18. 


19. 


21. 


22. 


23. 


Management of Chronic Refractory - 
Congestive Heart Failure — D.T. 

Mason, R.R. Miller, D.O. Williams, 

A.N. DeMaria, L.D. Segel and E.A. - 
Amsterdam. 

New Developments and Therapeutic - 
Applications of Cardiac Stimmlating - 
Agents — J.F. Williams, Jr. 

The Digitalis Glycosides: Clinical 

Pharmacology and Therapeutics — 

D.T. Mason, E.A. Amsterdam and G. 

Lee. 

Ventricular Afterload Reducing 

Agents in Congestive Heart Failure 

Therapy — R.R. Miller, D.O. Williams, 

A.N. DeMaria, E.A. Amsterdam and 

D.T. Mason. 

Myocardial Infarction Shock: 

Mechanisms and Therapy — E.A. 

Amsterdam, A.N. DeMaria, J.L. 

Hughes, E.J. Hurley, A.J. Lurie, D.O. 

Williams, R.R. Miller and D.T. Mason. 

Antiarrhythmic Agents: Clinical 

Pharmacology and Therapeutics — 

D.T. Mason, A.N. .DeMaria. E.A. 

Amsterdam, L.A» Vismata, FaàR. 


Thermodilution! 
"O* 7 "CARDIOMAX" 
| CARDIAC OUTPUT COMPUTER-RECORDER-MONITOR 


Praes coy ot > 
! SERE: Y Re j k U 
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- * COMPLETE DYE DILUTION AND THERMODILUTION SYSTEMS 

. *PROTECTION AND ALARM AGAINST OPERATOR ERROR 
*ELECTRICAL PATIENT ISOLATION BY "OPTICAL LINK" 

.*MONITORS BLOOD AR INDICATOR TEMPERATURE 


- *NUTOMATIC ZERO BALANCING!!! 
-*WORKS WITH ANY THERMISTOR CATHETER (SMALL VOLUME 


~ ROOM TEMPERATURE INDICATOR INJECTION). 
.*COMPUTING ACCURACY: 1.0% 


Thermodilution Cardiac Output Computer 


“ CARDIOTHERM-500” 





~ *WILL WORK WITH ANY THERMISTOR CATHETER. 
_ “RECHARGEABLE BATTERY-OPERATED; WILL MAKE 100 CAR- 
REOR PRIMER ON ONE ATTEN GROS 
os] IC ME Y TEMPERA- 
_ TURE AND INDICATOR TEMPERATURE. 

*AUTOMATIC ZEROING. 
. FISOLATED CHART RECORDER OUTPUT. 
. *EXTRAPOLATES DILUTION CURVE. 

*SMALL VOLUME ROOM TEMPERATURE INJECTIONS. 
. *PRICE: $3,300.00. 
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Phone: (614) 488-6176 950 N. Hague Avenue 
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Have copies of these new 
books available for 
your staff... 


A New Book! MOSBY'S COMPREHENSIVE REVIEW OF 
CRITICAL CARE. Edited By Donna A. Zschoche, R.N., 
M.A. April, 1976. Approx. 752 pp., 176 illus. About $15.95. 


New 2nd Edition! DECISION MAKING IN THE CORO- 
NARY CARE UNIT. By William P. Hamilton, M.D. and 
Mary Ann Lavin, R.N., M.S.N. M.S.(H.S.A.). February, 
1976. 168 pp., 126 illus. Price, $6.50. 


New 2nd Edition! UNDERSTANDING ELECTROCAR- 
DIOGRAPHY: Physiological and Interpretive Concepts. 
By Mary H. Conover, R.N., B.S.N.Ed. and Edwin G. Zalis, 
M.D., F. A.C.P., F.C.C.P. April, 1976. Approx. 304 pp., 489 
illus. About $7.50. 


A New Book! TECHNIQUES IN BEDSIDE 
HEMODYNAMIC MONITORING. By John Speer 
Schroeder, M.D. and Elaine Kiess Daily, R.N.; with 4 
contributors. February, 1976.224 pp., 140 illus.Price, $7.25. 


New 2nd Edition! A COMMONSENSE APPROACH TO 
CORONARY CARE: A Program. By Marielle Ortiz Vin- 
sant, R.N., B.S.; Martha I. Spence, R.N., B.S., M.N.; and 
Dianne Chapell Hagen R.N., B.S. October, 1975. 244 pp, 
439 illus. Price, $7.25. 


LJ 
CARDIAC ARRHYTHMIAS: EXERCISES IN PATTERN 
INTERPRETATION. By Mary H. Conover, R.N., 
B.S.N.Ed. 1974. 302 pp., 234 ECG tracings. Price, $9.25. 


A New Book! SPATIAL ANALYSIS OF THE ELEC- 
TROCARDIOGRAM: A Program. By Irwin Hoffman, 
M.D.; Julien H. Isaacs, M.D.; James V. Dooley, M.D.; Phil 
R. Manning, M.D.; and Donald A. Dennis, Ph.D. 1975. 160 
pp., 199 illus. Price, $7.25. 


New 3rd Edition! COMPREHENSIVE CARDIAC CARE: A 
Text for Nurses, Physicians, and Other Health Prac- 
titioners. By Kathleen G. Andreoli, R.N., B.S.N., M.S.N.; 
Virginia Hunn Fowkes, R.N., B.S.N.; Douglas P. Zipes, 
M.D.; and Andrew G. Wallace, M.D. September, 1975. 368 
pp., 959 illus. Price, $7.50. 


A New Book! CARE OF THE CARDIAC SURGICAL PA- 
TIENT. By Ouida M. King, R.N.; with 6 contributors. 
August, 1975. 292 pp., 175 illus. Price, $12.95. 


For Fast Service, at no extra cost, use our toll-free number to 
order books ... any day ... any hour! 

Call 800-325-6400. (in Missouri call 800-342-6600.) 

The toll-free number is provided for book ordering only! All 
other business matters concerning The C. V. Mosby Company 
can be resolved by calling 800-325-4177. 


MOSBY 


TIMES MIRROR 
THE C V. MOSBY COMPANY 
11830 WESTLINE INDUSTRIAL DRIVE 
ST LOUIS MISSOURI 63141 


EL ea JUR 1.4 TI KCUSEC PS AY eT 
. fs wae iy hope , "An PU rid. Ton E if 
P uus E . {i s as S | > ^" à * 
B S l 


a he 








^ 





Jaunsy 


GE introduces two new snap- 

connect versions of the popular 

Daisy electrode: One prejelled, 
ne dry. 


Daisy prejelled provides nursing 
convenience and long-term 
performance. Just peel off the 
release paper and apply. The 
electrode contains a precisely 
metered amount of electrode 
creme. Each prejelled Daisy is 
sealed in an air-tight foil pack 
for cleanliness and long life. 
Performance is guaranteed for 18 
months after manufacture — and 
the recommended "use before" 
date is on every pouch! 


The new dry Daisy, when 
combined with GE-Jel by the 
nurse, delivers an exceptionally 
sharp, clear signal. And with the 
Tri-Con™ connector — also new 
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in a snap! 


from GE —the Daisy has a low, 
low profile for patient comfort. 
Quick-disconnect design provides 
versatility, allowing the patient to 


change locations without removing 


the electrodes. 


Both new electrodes are designed 
for patient comfort. And each is 
backed with a sure-stick adhesive. 
The sensing element is silver/ 
silver chloride before the jell is 
applied to minimize offset 
potentials and drifts. The result 

is an accurate, distinct trace. 


Talk to your General Electric 
representative about these two 
new electrodes. They give you 
Daisy dependability in a snap. 


General Electric Medical Systems 
Milwaukee, Toronto, Madrid 


GENERAL D ELECTRIC 





gue cum om m m S| eee € A-À Um m E 





Free Daisy Trial Offer 


I'd like FREE Daisy™ samples plus 
a FREE guide to choosing electrodes. 


Name 
Institution 
Address 


City State ID oa E 


Send to General Electric Medical Systems 


Mail Code W-512 P.O. Box 414 « Milwaukee, 
Wisc. 53201 
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KIORVESS 10% LIQUID 


(potassium chlori 


COR PATIENT COMPLIANCE 





<lorvess® Combined Brief Summary 

! Klorvess (potassium chloride) 10% Liquid 

Each tablespoonful (15 ml) contains 20 mEq of 
potassium chloride (provided by potassium chloride 
1.5 g) ina palatable, cherry-with-pit flavored vehicle, 
alcohol, 1% 

Klorvess Effervescent Tablets 

Each dry, sodium- and sugar-free effervescent tablet 
contains 20gnEq each of potassium and chloride 
supplied by potassium chloride 1.125 g, potassium 


bicarbonate 0.5 g, L-lysine monohydrochloride 0.913 g. 


Contraindications: Severe renal impairment character- 
zed by azotemia or oliguria, untreated Addison's 
Jisease, Familial Periodic Paralysis, acute dehydration, 
eat Cramps, patients receiving aldosterone-inhibiting 
xr potassium-sparing diuretic agents, or hyperkalemia 
rom any cause. 
"recautions: In response to a rise in the concentration 
Xf body potassium, renal excretion of the ion is 
ncreased. In the presence of normal renal function 
ind hydration, it is difficult to produce potassium 
ntoxication by oral potassium salt supplements 

Since the extent of potassium deficiency cannot be 
accurately determined, it is prudent to proceed 
*autiously in undertaking potassium replacement 
Periodic evaluations of the patient's clinical status, 
serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. ‘THis is 
particularly important in patients with cardiac disease 
and thos® patients receiving digital:s 


High serum concentrations of potassium may cause 
death through cardiac depression, arrhythmia or 
cardiac arrest. 

To minimize gastrointestinal irritation associated 
with potassium chloride preparations, patients should 
dissolve each Klorvess Effervescent Tablet in 3 to 4 
ounces of water or fruit juice, or dilute each 
tablespoonful of Klorvess (potassium chloride) 10% 
Liquid in 3 to 4 ounces of water. Both of these 
solutions should be ingested slowly with or immediately 
after meals 
Adverse Reactions: Abdominal discomfort, diarrhea, 
nausea and vomiting may occur with the use of 
potassium salts 

The symptoms and signs of potassium intoxication 
include paresthesias, heaviness, muscle weakness and 
flaccid paralysis of the extremities. Potassium 


intoxication can produce listlessness, mental confusion, 


a fall in blood pressure, shock, cardiac arrhythmias, 
heart block and cardiac arrest 

The EKG picture of hyperkalemia is characterized 
by the early appearance of tall, peaked T waves. The R 


wave is decreased in amplitude and the S wave deepens; 


the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears 
Occasionally, an apparent elevation of the RS-T 
junction and a cove-plane RS-T segment and T wave 
will be noted in AVL 

Dosage and Administration: 

Klorvess" Effervescent Tablets: Adults — One Klorvess 


Effervescent Tablet (20 mEq each of potassium and 
chloride) completely dissolved in 3 to 4 ounces of 
cold water or fruit juice 2 to 4 times daily depending 
upon the requirements of the patient 
Klorvess” (potassium chloride) 10% Liquid 

Adults —One tablespoonful (15 ml) of Klorvess Liquid 
completely diluted in 3 to 4 ounces of water 2 to 4 
times daily depending upon the requirements of the 
patient 

Both of these solutions should be ingested slowly 

with meals or immediately after eating. Deviations 
from these recommended dosages may be indicated in 
certain cases of hypokalemia based upon the patient's 
status. The average total daily dosage must be 
governed by the patients response as determined by 
frequent evaluation of serum electrolytes, EKG and 
clinical status 
Overdosage: Potassium intoxication may result from 
overdosage of potassium or from therapeutic dosage in 
conditions stated under "Contraindications^ 
Hyperkalemia, when detected, must be treated 
immediately because lethal levels can be reached in a 
few hours 

How Supplied: Klorvess Effervescent Tablets (white)- 
60 tablets (2 Rx units of 30 effervescent tablets each 
Each tablet is individually foil wrapped. Klorvess 

potassium chloride) 10% Liquid (dark red) —as a 
cherry-with-pit flavored liquid in 16-ounce and 


gallon bottles 
BA-YB 
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| ! Each dry, sodi um- and sugar-free effervescent tablet contains 20 mEq 
| each of potassium and chloride supplied by potassium chloride 1.125. 
potassium bicarbonate 0.5 g, L-lysine monohydrochloride 0.913 g. 









Delicious cherry-with-pit flavor. is determined by what theyre prescribe several slow-rel 
If you've tasted it, you know mixed with. The subtle mixer. tablets per dose or space 
KLORVESS® (potassium chloride) Convenience in therapeutic doses. administration beyond th 
1076 Liquid provides a delicious Both forms of KLORVESS offer patients normal routine. 
natural flavor. So good, in fact, 20 mEq potassium chloride in Prescribe KLORVESS 1076 
that it should be mixed only with each dose. There is no neéd to or KLORVESS Effervescer 
- water. Tablets . . . for potassium 


Or whatever flavor your patients supplement therapy that 
^ like . . . because the taste of good taste and conveniet 


2 n # H 
KLORVESS* Effervescent Tablets Dol SCY therapeutic dosages. 


LABORATORIES 
Division of Sandoz, Inc. * LINCOLN, NEBRASKA 68501 
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|... patient with lots of 


Every doctor should 
have at least ONE | 
electronic stethoscope. ` 


j DOSCTI "EL: 
Electronic Stethoscope 


Mew Standard in 
USCULTATION 


Now you can properly measure | 
all body sounds correctly. | 


Ideal for Doctors with good | 
hearing. A must for Doctors with ` 
a hearing defect. 


Three stethoscopes in one— 
auscultate lungs, heart, blood 


Adjustable transmission and 
amplification. 
Three-position filter switch 
—change pitch easily 

during exam. 

Learn no new listening Z4 i 
skills. Í 2 
Provides complete 

sound patterns. 

Uses standard radio 

battery—easy to pur- 

chase (one-year life). 

Affords better diag- 

nostic information. 


Low distortion—low 
signal to noise ratio. 


A must for the obese 





fat around the heart. — 


Lehr Instrument Corporation 


POB 589 Huntington Station, NY. 11746 
(516) 423-0443 


Write for additional informat- 
ion and special 30 day trial in- 
your-office plan. 


Special terminal box 
allows three or more 
people to hear body 
sounds simultaneously. 
Excellent for consul- 
tation and education. 


Lehr Instrument Corporation 
P.0. Box 589 
Hugtington Station, N.Y. 11746 


L] Please send me information on the Bosch EST 40 
Electronic Stethescope and the 30 day trial-in-your- 
office plan. 


Your Name 






NOW AVAILABLE... 


THE 
AMERICAN JOURNAL 
OF CARDIOLOGY 


IS YEAR 


CUMULATIVE 
IN DE X PAS 


Covers all material published in THE AMERICAN 
JOURNAL OF CARDIOLOGY from January 1968 
through December 1972. 








e CLINICAL STUDIES 

e EXPERIMENTAL STUDIES 

e SYMPOSIA 

e REPORTS ON THERAPY 

e REVIEWS 

e SEMINARS 

e CASE REPORTS 

e DIAGNOSTIC SHELF . 
e HISTORICAL MILESTONES E 
Includes Author Index—and— Subject Index 

All subjects are cross indexed for quick and easy reference 
*There is a limited supply of the 10 Year Cumulative Index 
available — January 1958 through December 1967 — Price 
$10.00. While supply lasts order both for only $15.00. 


Please use order form below. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P.O. Box 1172, Radio City Station, New York, N.Y. 10019 


Send me THE AMERICAN JOURNAL OF CARDIOLOGY 
Cumulative Index or Indexes as checked below. 


[] Enclosed is my check for $8 for 
5 YEAR CUMULATIVE INDEX 1968-1972 


O Enclosed is my check for $10 for 
10 YEAR CUMULATIVE INDEX 1958-1967 


[] Enclosed is my check for $15 for both 
the 5 and 10 YEAR CUMULATIVE INDEXES 


Name. . 3 PR? 








AdOGmam. 2: P x 3 jai. 
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Please add appropriate sales tax if in New York State 
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When a esed 


cholesterol-control 
diet is indicated... 


azola | 
helps. 


Helps Helps 





lower serum patients live with 
cholesterol the diet 


Serum Cholesterol 


220 








The following patient aids and education pro- 
Sigh Waa s grams are available free upon request. Please 
NCC Mean moderate-diet check those you wish to receive and mail this 
change = 205 mg/dl. 
to 171 mg/dl. coupon to Dr. D.M. Rathmann, Mazola 
Nutrition Information Service, Best Foods, 
a Division of 


CPC International Inc., C 
Fs} 
E 







Mean strict-diet 
change = 201 mg /dl. 
to 142 mg/dl. 


Strict cholesterol- 


lowering diet International Plaza, 





Englewood Cliffs, = 


New Jersey 07632 


Patient Aids: (1) “A Diet for Today" — practical 
menus and recipes to lower cholesterol intake. 
(2) “Nutritive Values of Food Products made by 
Best Foods: (3) "Beyond Diet: Exercise Your Way 
to Fitness and Heart Health" — an innovative 
exercise and fitness program for patients. 


$ Adapted from Anderson, J T., Grande, F., and Keys, A.: Cholesterol- 
lowering diets, J. Am. Diet. Assoc., 62: 133, 1973. 


[n this study, a standard diet was modified to produce a 

moderate cholesterol-lowering diet, using skim milk, lean meats, | 

fish, two eggs per week, poultry, and Mazola? corn oil and 

corn oil margarine. The average decrease in serum cholesterol | [_] “Atherosclerosis” Additional information on an 
for the 12 subjects was 17%. Serum cholesterol was reduced even i ag os a Mme WE pur o Biss 
more (average of 29% for 36 subjects) when a strict diet was | ; full-color UMS docnit tha ; 
used, which excluded butterfat and margarine, further reduced 

meat and eggs, and allowed Mazola corn oil as the only | 


[] *3 Times a Day" Additional information on a 
visible fat. All changes were considered highly significant. 


nutrition learning system for patients, offering a 
52-page monograph, a film for group showing? and 
self-evaluation forms. 


Taste acceptance... 
Diet adherence 


For cholesterol control, long-term adherence 

is essential. To gain patient acceptance, the 
polyunsaturated fats used must pass 

the test of taste. For flavor and lightness, 

Mazola corn oil and corn oil margarine qualify, w——» 


Dr. 


Name 





Street Address 





City State Zip Code 


Mazola 


©COPYRIGHT 1976 Corn Oil & Margarine | BFR-—868 


: Now the complete, 
flexible ultrasound system: 


_ TheRT-400. 







i 


real-time, high-resolution Imaging 
Today and tomorrow ; 









For more information, write or call: 
Grumman Health Systems 
400 Crossways Park Drive 
Woodbury New York 11/97 
(516/575-3513) 


| wy TVU In CcAI FATICINIO WIIN INE ULAHUIUVASUULAH UUMPFLICA IIONS OF 
LUNG DISEASE? 


DO YOU TREAT PATIENTS WITH ISCHEMIC HEART DISEASE? | 


`~ a 
ARE YOU FAMILIAR WITH THE INDICATIONS FOR AND RESULTS OF RECENT 
CARDIOTHORACIC SURGICAL INNOVATIONS? 


The heart and the lungs—respiration and cir- 
culation—are inseparable physiologically and 
pathologically. CHEST is the journal that uńites 
all of these elements for clinical guidance. 
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Regular departments include: 


Graphic Techniques in Cardiology 
Illustrative Echocardiograms 


Applied Cardiopulmonary Physiology 
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Cardiovascular Techniques 
Roentgenogram of the Month 


Clinical Conferences in Cardiovascular 
Disease 


Respiratory Therapy 
Electrocardiogram of the Month 


pe^ Clinical Conferences in Pulmonary Disease 
anion OF THE » 
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Internationally, the most widely read periodical 
devoted to circulatory and respiratory diseases. 


1976 Subscription Rates for CHEST (postage included) 
Two Volumes per Year; 12 issues 


If you enclose your check with this order, WE WILL PROVIDE 14 ISSUES FOR THE COST OF 12 


AJC-5/76 





U.S. Canada & Mexico Other Countries 
Personal $25.00 $27.00 $30.00 
Institutional $32.00 $34.00 $36.00 
Special Rate for 
Residents 
Interns 
Medical Students $17.00 $19.00 $25.00 


Multiple-reader institutional subscriptions are available to public and private libraries, schools, hospitals and clinics; city, 


county, state, provincial and national government bureaus and departments: all commercial and private institutionals 
and organizations. 


Personal and Special Rate subscriptions must be in the names of, billed to and paid by individuals. 


Please enter my subscription to CHEST for one year |. check enclosed. . send invoice. 
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Subscribers requesting the student rate must indicate school or hospital and chief of service, if applicable 


School/hospital Chief of service 


MAIL TO: CHEST, 911 Busse Highway, Park Ridge, Illinois 60068 (312/698-2200). 
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THE NEXT LOGICAL STEP — 
IN PHYSIOLOGICAL PRESSURE MEASUREMENT 


Bell & Howell's new disposable dome — DIS- 
POSADOME™ — incorporates a non-permeable 


silicon rubber membrane which fits flush with the 


sensing elements on all Bell & Howell Physio- 


‘logical Pressure Transducers. Neither saline solu- 


tion nor blood contact the sensing element. 
Available in both Linden and Luer Loc con- 


figurations, the presterilized disposable domes are 


individually packaged. After use, the disposable 


BELL & HOWELL DEALERS: 





dome is discarded. The transducer is ready im- 
mediately — saving time and sterilization costs. 
Reduced handling extends the life of the trans- 
ducer for even greater savings. 

DISPOSADOME™ — for new safety and con- 
venience in monitoring patient blood pressure. 


For additional information, please contact your 
nearest Bell & Howell Dealer. 


CEC DIVISIOTI 
PE BELLE HOWELL 
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G.M.S. MEDICAL. 
Kansas City, Missouri 
(816) 363-4444 


APPLIED TECHNICAL 
PRODUCTS INC. 
Denver, Colorado 
(303) 371-0100 


BIO-MEDICAL SPECIALTIES 
Hinsdale, Illinois 
(312) 325-5851 


DELTA MEDICAL SYSTEMS 
Orlando, Florida 
(305) 843-3177 


GRAYCO 
Buffalo, New York 
(716) 633-1323 


HEALTH PRODUCTS 


Birmingham, Alabama 
(205) 871-7205 


CEG is a registered trademark of Bell & Howell. 
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INTERNATIONAL 
BIOMEDICAL CORP. 
Fort Worth, Texas 
(817) 338-0451 


MALKIN INSTRUMENTS 
Louisville, Kentucky 
(502) 587-0776 


MICHIGAN MEDICAL 
INSTRUMENTS 

Flint, Michigan 

(313) 733-0860 


MORRISON ASSOCIATES 
Wilton, Connecticut 
(203) 762-0779 


NORTHEAST MEDICAL 
Milton, Massachusetts 
(617) 696-0900 


PACIFIC MEDICAL 
SYSTEMS, INC. 
Bellview, Washington 
(206) 455-3006 


PARAMEDICAL EQUIPMENT CO. 
Burbank, California 
(213) 843-3141 





JACK SCHWARTZ CO. 
Minneapolis, Minnesota 
(612) 721-3374 


STOGHILL MEDICAL SUPPLY 


627 Pauku Street 
Kailua, Hawaii 96734 


© Bell & Howell 1975 | 
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 highanddry... ‘nigh accuracy 


P. | . high reliability 

1 dry as a bone 

. Now, the Collins Dry Spirometer o no com-- lection of BTPS corrections means one less cal- . 
- promise instrument with numerous innovations culation to make. Of course, it retains all the 
. —onthe inside where it counts. _ Basic Module's output capabilities. 


JA Like our solution for the critical piston and seal 22 Now comes the Flow-Volume Module with all the 
design. Super thin silicone rubber seals the light- advantages of the first two modules — plus a 
, weight piston to the inner body. Together, they _ Real Time differentiator for performance of flow- 
' keep the frequency response flat and resistance volume loops with an X-Y recorder. | 

under .1 cm. H:O. And piston position is servo 


controlled: no strings — no pulleys! One lightweight, cast aluminum main-frame — SD 


D | | three interchangeable plug-in modules. It all 

Then there's the electronics — the finest in the in- starts at less than $890. Write now for our 

` dustry. A choice of three computer compatible, . - Product Release Bulletin or call us for more infor- 

„solid state plug-in modules provide the greatest mation. | | V 
possible economy and flexibility. — | 
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High and Dry could be to your advantage! — 
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The Basic Module provides three alternatives: 


computer compatible output signals, direct re- WARREN E. COLLINS, INC., 220 WOOD RD. 


$ cording of spirograms using the optional two- A BRAINTREE, MA 02184 TEL. (617)843-0610 
Speed strip chart recorder or spirogram recording 


with an X-Y-T recorder. 


f Need more flexibility? Order the Volume Module - | 

| (shown above). Its three digit display offers direct Collin f 
} readout of Vital Capacity and a convenient ref- | 

 erence of bell position. Continuously variable se- 
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VANGUARD 


MODEL XR-80 
LV ANALYZER 





The Vanguard Model XR-80LV Analyzer is a calculator based system 
which permits the user to readily develop data relating to the left 
ventricular function from a rear projected image of 35mm cine angio- 
gram. End-diastolic, End-systolic, and stroke volume together with 
ejection fraction can be determined in a matter of minutes. 


VANGUARD INSTRUMENT CORPORATION 


1860 WALT WHITMAN ROAD, MELVILLE, L.I., N.Y. 11746 
PHONE (516) 249-3031 


PHONE OR WRITE FOR LITERATURE 


NAME 





TITLE 





INSTITUTION LL LLLLLLLL————————————————————— 
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STATE ZIP. 








VANGUARD instrument CORPORATION 


1860 WALT WHITMAN ROAD, MELVILLE, L.I., N.Y. 11746 
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HYPERSTAI® I.V. (brand ot diazoxide, US?) 
Injection 
FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


INDICATIONS For the emergency reduction of blood pressure in malignant 
hypertension in hospitalized patients, when prompt and urgent decrease of 
diastolic pressure is required. Treatment with orally effective antihypertensive 
agents should be instituted as soon as the hypertensive emergency is controlled. 
HYPERSTAT 1.V. Injection is ineffective against hypertension due to pheo- 
chromocytoma. 


CONTRAINDICATIONS It should not be used in the treatment of compensatory 
Baa gs such as that associated with aortic coarctation or arteriovenous 
shunt, nor in patients hypersensitive to diazoxide or other thiazides, unless the 
potential benefits outweigh the possible risks. 


WARNINGS Safety in pregnancy and in children has not yet been established. 
Information is not available concerning the passage of HYPERSTAT in breast 
milk, However, it is known that diazoxide crosses the placental barrier and 
appears in cord blood. Like other thiazides, the drug may produce fetal or neo- 
natal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, 
and possibly other adverse reactions that have occurred in adults. Hypotension 
may occasionally result. If severe enough to require therapy, it will usually 
respond to the administration of sympathomimetic agents, such as norepine- 
phrine. Hyperglycemia occurs in the majority of patients, but usually requires 
treatment only in patients with diabetes mellitus; it will respond to the usual 
management, including insulin. Therefore, blood glucose levels should be moni- 
tored, especially in patients with diabetes or in those requiring multiple injec- 
tions of diazoxide. Hyperglycemia and hyperosmolar coma associated with 
transient cataracts developed in one infant receiving repeated daily doses of 
oral diazoxide. The disturbed carbohydrate metabolism was successfully treated 
with insulin. Cataracts have been observed in a few animals receiving repeated 
daily doses of intravenous or oral diazoxide. Since diazoxide causes sodium re- 
tention, repeated injections may precipitate edema and congestive heart failure. 
This retention responds characteristically to diuretic agents if adequate renal 
function exists. Concurrently administered thiazides may potentiate the anti- 
hypertensive, hyperglycemic, and hyperuricemic actions of diazoxide (See Drug 
Interactions). Since increased volume of extracellular fluid may be a cause of 
treatment failure in nonresponsive patients, it may be advisable to reduce this 
increased volume by means of a diuretic agent. Although no evidence of exces- 
sive anticoagulant effects has been reported, patients, especially those who are 
hypoalbuminemic and receive HYPERSTAT I.V. Injection and coumarin or its de- 
rivatives, may require reduction in dosage of the anticoagulant (See Drug 
Interactions), 


PRECAUTIONS  HYPERSTAT (diazoxide) |.V. Injection is a potent antihyperten- 
sive agent requiring close monitoring of the patient's blood pressure at fre- 
quent intervals. Its administration may occasionally cause hypotension requiring 
treatment with sympathomimetic drugs. Therefore, adequate facilities to treat 
such untoward reactions should be available. It should be administered only into 
a peripheral vein. Because the alkalinity of the solution is irritating to tissue, 
extravascular injection or leakage should be avoided; subcutaneous administra- 
tion has produced inflammation and pain without subsequent necrosis. If leak- 
age into subcutaneous tissue occurs, the area should be treated conservatively. 
Maximal antihypertensive effects occur after rapid administration (within 30 
seconds) into the vein; a slower injection may fail to reduce blood pressure or 
produce a very brief response. As with any potent antihypertensive agent, 
HYPERSTAT I.V. Injection should be used with care in patients who have im- 
paired cerebral or cardiac circulation, that is, patients in whom abrupt and 
brief reductions in blood pressure might be detrimental, Special attention is 
required for patients with diabetes mellitus and those in whom retention of salt 
and water may present serious problems (See Warnings). Nondiabetic patients 
may have a transient, reversible, and clinically insignificant increase in blood 
glucose following HYPERSTAT 1.V. Injection. Since peritoneal dialysis or hemo- 
dialysis can reduce levels of diazoxide in the blood, patients undergoing dialysis 
may require more than one injection. B 
ADVERSE REACTIONS 

Frequent and serious adverse reactions: Sodium and Mater retention 
after repeated injections, especially important in patients with impaired cardiac 
reserve; hyperglycemia frequently requiring treatment in diabetic patients, 
especially after repeated injections. 

Infrequent but serious adverse reactions: Hypotension to shock levels; 
myocardial ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and ventricular arrhythmias, and marked electro- 
cardiographic changes; cerebral ischemia, usually transient but possibly leading 
to thrombosis and manifested by unconsciousness, convulsions, paralysis, con- 
fusion or focal neurological deficit, such as numbness of the hands; persistent 
retention of nitrogenous wastes after repeated injections; sensitivity reactions, 
such as rash, leukopenia, and fever. Rarely, acute pancreatitis has been re orted. 
Papilledema, induced by plasma volume expansion secondary to the administra- 
tion of diazoxide, was reported in one patient who had received eleven injec- 
tions over a twenty-two day period. 

Other adverse reactions: Vasodilative phenomena, such as orthostatic 
hypotension, sweating, flushing, and generalized or localized sensations of 
warmth; supraventricular tachycardia and palpitation; bradycardia; various 
transient neurological findings secondary to alterations in regional blood flow 
to the brain, such as headache (sometimes throbbing), dizziness, lightheaded- 
ness, sleepiness (also reported as lethargy, somnolence or drowsiness), euphoria 
or “funny feeling’, ringing in the ears and momentary hearing loss, and weak- 
ness of short duration; chest discomfort or nonanginal "'tightness in the chest"; 
transient hyperglycemia in nondiabetic patients; transient retention of nitro- 
genous wastes; and various respiratory and gastrointestinal findings secondary 
to the relaxation of smooth muscle, such as dyspnea, cough and choking sensa- 
tion; nausea and vomiting and/or abdominal discomfort, anorexia, alteration in 
taste, parotid swelling, salivation, dry mouth, lacrimation, ileus, constipation 
and diarrhea. Also, warmth or pain along the injected vein; cellulitus without 
sloughing and/or phlebitis at the site of extravasation; back pain; and increased 
nocturia, Apprehension or anxiety, malaise and blurred vision occurred on single 
occasions, 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may 
displace other substances or drugs which are also bound to protein, such as 
bilirubin or coumarin and its derivatives. These potential interactions must be 
considered when administering HYPERSTAT I.V. Injection. The concomitant ad- 
ministration of diazoxide with thiazides or other commonly used potent diu- 
retics may potentiate the hyperglycemic, hyperuricemic, and antihypertensive 
effects of diazoxide. 


OVERDOSAGE Overdosage "s cause an undesirable hypotension. Usually, this 
can be controlled with sympathomimetic agents, such as norepinephrine; failure 
of the blood pressure to rise in response to such an agent suggests that the 
hypotension may have been caused by something other than diazoxide, Exces- 
sive hyperglycemia resulting from overdosage will respond to conventional 
therapy of hyperglycemia. egi may be removed from the blood by peri- 
toneal dialysis or hemodialysis. SWW-4940R1 


SCHERING CORPORATION, KENILWORTH, N.J. 07033 
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Effective, Conveni-;nt Sau 
Stat Regimen-for rapid 

reduction of blood pressure 
in malignant hypertension - 
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"The injection of the [diazoxide] bolus in 10 to 15 seconds results 
in a prompt blood pressure fall in a high percentage of cases. A maximal 
blood pressure response usually occurs within 5 to 10 minutes: * 



















i 
| 













O Rapid reduction to normotensive levels LJ Uncomplicated procedure 

Induces rapid reduction of blood pressure generally Simple I.V. “push” ina peripheral vein in 30 seconds or 
within 5 minutes...often in 1 or 2 minutes to the lowest less. Close monitoring at frequent intervals is necessary 
level achieved. Blood pressure response facilitated by until blood pressure is stabilized (generally 15-30 minutes). 
appropriate diuretic therapy. Thereafter, hourly measurement should be taken during 


O Prolonged activity the balance of effect. 


A single injection of HYPERSTAT I.V. generally maintains (3 Convenient...no preparation 
blood pressure below pretreatment levels for periods HYPERSTAT I.V. supplied as a 20 ml ampule containing 
Jp to 12 hours. 300 mg diazoxide in ready to use solution. 
(] Protective action — helps avert target h ^ 

*Marvin Moser. M.D., Assistant Professor of Clinical Medicine, Albert 

organ damage Einstein College of Medicine, and Chief of Cardiology. White Plains 

Cardiac output increases as diastolic pressure is Hospital, White Plains, N.Y., in Diazoxide — an effective vasodilator in 
reduced. Coronary and cerebral blood flow maintained SECRETS hpertensjert erede © Lg eoe MD 


Increased renal blood flow after transient decrease. 


Administration guidelines 





4 Fill dry syringe with appropriate dose 2 Hospitalized patient should be 3 Inject entire dose |.V. in 30 seconds or 
» Of HYPERSTAT I. V. Injection (20 ml « recumbent. Insert needle only into . less. Remove needle carefully— 
ampule contains 300 mg diazoxide). a peripheral vein. avoid extravasation. 
4 Keep patient recumbent for at least half 5 If patient is to be ambulatory, measure Ó HYPERSTAT I.V. Injection should be 
» an hour after injection; monitor BP « BP in standing position before ending .« continued until a regimen of oral 

slosely until stabilized — usually 15-30 surveillance. antihypertensive medication becomes 

inutes. effective (generally within a few days). 
SNE Seren Before prescribing HYPERSTAT I.V. Injection, please consult complete product information, 
All rights reserved. a summary of which appears on the facing page. 


‘3 m d 


Reduce personnel eye lens 

radiation exposure 85-90% during 
catheterization, angiographic and 

pacemaker insertion procedures 


- * Optically clear... 


=" 


against direct and scattered radiation 


x-ray equipment. Mounted in sturdy 
. metal frames with plastic-reinforced ear 
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- * Worn like regular glasses. 


RADIGLASSES offer significant protec- 


Telephone: 212-489-5756 LOS ANGELES 
Julius |. Starkman 
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lightweight (only 3 oz.)...comfortable. 
- Unimpaired peripheral vision. 
tion to the eye lens of the physician, tech- 
nologist and special procedure nurse 


during procedures involving the use of 





rests, the optically clear lenses provide up 
to 0.25mm lead-equivalent protection. 
Supplied in a heavy-duty protective case. 





NUCLEAR ASSOCIATES, INC. 


Subsidiary of 
RADIATION-MEDICAL PRODUCTS CORP. 


100 VOICE ROAD * CARLE PLACE. N.Y. 11514 e (516) 741-6360 


56-505V Radiglasses...$225.00 
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» Anewrecorder to match 
+ the superior performance 
of the SKI Echo System. 
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The new Ekoline 21 Recorder E Built-in latensifier, variable 
brings advanced performance paper speed 

features to the SKI Echo 
System —the most outstand- 
ing system of its kind available 
today. The Ekoline 21 provides: 


If you would like more details 
about the new Ekoline 21 and 
the SKI Echo System, call or 
write: Smith Kline Instruments, 
Inc., Dept. U, 880 W. Maude 
Avenue, Sunnyvale, CA 
94086. (408) 732-6000. 


E Simplified operating con- 
trols that are both complete 
and logical. 


lll Fiber-optic strip chart re- W Compact size for easy 





cordings with maximum portability. 
i grey-scale Capability, out- E Strip-chart paper quantity- SI6l 
{ voces Marea and level indicator A Subsidiary of Smithkline Corporation 
cris inition. A 1 | 
om B iraditional SKI quality. 
E 8"-wide paper, with spa | - 
for coole inda ise With the addition of the new 
i i Ekoline 21 Recorder, SKI now 
offers complete system re- 
sponsibilityfor all maintenance 
and repair service 
/ Eo d 


Beat after beat...day after day 


E 








To convert...to MAINTAIN normal sinus rhythm 


After conversion of cardiac arrhythmias — whether with CARDIOQUIN Tablets or some other current metho: 
only dow b.i.d. or t.i.d. dosage of this unique polygalacturonate salt of quinidine is required in most cases t 


maintain normal sinus rhythm. 


Well-tolerated, CARDIOQUIN Tablets are particularly s 
onic acid serves as a buffering moiety. It protects the mucosa o 


absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Prac 


BRIEF SUMMARY-INDICATIONS: CARDIOQUIN 
Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of: premature atrial and 
ventricular contractions; paroxysmal atrial tachy- 
cardia; paroxysmal AV junctional rhythm; atrial 
flutter; paroxysmal atrial fibrillation; established 
atrial fibrillation when therapy is appropriate; 
paroxysmal ventricular tachycardia when not as- 
sociated with complete heartblock; maintenance 
therapy after electrical conversión of atrial fibril- 
M ei i futter. CONTRAINDICATIONS: 


AheFrant imm@@icoc and ahnarmal rhvthme due to 


escape mechanisms should not be treated with 
quinidine. WARNING: In the treatment of atrial 
flutter reversion to sinus rhythm may be pre- 
ceded by a progressive reduction in the degree 
of AV block to a 1:1 ratio and resulting extremely 
rapid ventricular rate. COMPOSITION: Each 
CARDIOQUIN Tablet (quinidine polygalacturo- 
nate 275 mg.) is equivalent in quinidine content 
to 3 grains quinidine sulfate. DOSAGE AND AD- 
MINISTRATION: Dosage must be adjusted to 
individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be 


tice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


uited for maintenance therapy, since the polygalacty 
f the stomach and permits dependable 








used to terminate arrhythmias, and may 
peated in 3-4 hours. If normal sinus rhyth 


restored after 3 or 4 equal doses, the doge ma) 
be increased by Ve to 1 tablet (137.5 to 225 mg.) 
and administered three to four times befdte ar“ 


further dosage increase. For maintenan 
tablet may be used two to three times 
generally one tablet morning and night} 
adequate. SUPPLIED: Uncoated, scored 


in bottles of 50. Purdue Fredéri 


OC COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY f 
NORWALK. CONN. 06856 A7356 138274 A 





